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THE INSTITUTE 


An Ordinary General Meeting of the Institute of Petro- 
leum was held at 26 Portland Place, London, W.1, on 
9 December 1953, the Chair being taken by Mr H. 
Hyams, a vice-president of the Institute. 


The General Secretary read the minutes of the pre- 
vious meeting, which were confirmed and signed as a 
correct record. He then read the list of members elected 
since the previous meeting and made various announce- 
ments. 


The Chairman, introducing the author of the paper to 
be presented, said: Mr Toye has had a very wide and 
extensive experience in the field in which he is going to 
address us. He has been associated with stores ad- 
ministration in ‘‘ Shell’’ for more than thirty years. 
He spent some time, not only in Venezuela, but before 
the second world war was located in the Netherlands 
and travelled from there to various parts of the East as 
well as to the West Indies, including Curacao. During 
this time he was very closely interested in, and associated 
with, materials, standards, and administration. He then 
became attached from 1939 to 1946 to the management 


THERE are certain basic problems in dealing with 
material administration in the petroleum industry. 
No two oilfields or refineries or installations are com- 
parable, to the point of justifying exactly similar 
methods. This is the inherent difficulty in making 
fair comparisons of relative costs and efficiency. 
There is also a serious complicating factor that scarcely 
any two industries, or even any two oil companies, use 
the same terms to define the same methods or func- 
tions of storekeeping. 

Perhaps, therefore, the subject of stores administra- 
tion is best approached by way of example, through a 
short discussion of its different phases based on the 
terms which are current in the fields, refineries, and 
installations of the Shell group of companies. 

Initially, it would seem advisable to study the 
problems from the point of view of a business liable to 
expand or contract at very short notice, and to con- 
sider a truly “ static’ oil enterprise as abnormal, if 
not mythical. Admittedly, if there were such a thing, 
the problems of economic stores administration would 
be quickly settled, apart from possible complications 
due to supply and price variations. 

Further, some allowance must be made for the 
difficulties imposed by oilfields and refineries which are 
located in tropical and distant zones, whereas it is not 
necessary to take full account of simplifications which 
exist in home refineries and other installations in the 
U.K., the principal of which stem from : 


ADMINISTRATION OF STORES IN THE PETROLEUM INDUSTRY 
By R. C. H. TOYE* 


OF PETROLEUM 


side of first the Export and then the Purchasing De- 
partment of ‘* Shell’ in London, and from 1946 until 
1950 was engaged in a very important activity relating 
to supplies of materials by virtue of being manager of 
the Priority Department in the London organization. 
Since June 1950 he has been manager of the Stores 
Department in London, so that over these past thirty 
years he can claim to have been intimately associated 
with all aspects of the purchase, control, and standardiza- 
tion of materials, and in the administration of stores of 
all types in diflerent parts of the world. Mr Toye is also 
chairman of the Oil Companies Materials Committee, 
which comprises representatives of a number of the 
major oil companies in the U.K. This committee, among 
other of its functions, is responsible for the collection 
of statistics on materials used in the oil industry, for 
contacts with government departments, and for stand- 
ardization of materials of all kinds. On the standardiza- 
tion side, Mr Toye holds the position of chairman of the 
Petroleum Equipment Industry Standards Committee 
of the B.S.1, 


The following paper was then presented in summary by 
Mr R. C. H. Toye. 


(a) the availability of public utilities and 
services ; 

(b) the limited civil engineering to be done ; 

(c) the reliance on equipment of contractors, 
who provide their own spare parts ; 

(d) the shorter total elapsed time between the 
initiation of a demand and delivery to site; and 

(e) the extent to which suppliers are willing to 
guarantee supply of spare parts ex their stocks. 


For this study, two aspects are axiomatic—first, 
that every sound organization shares the urge to make 
its stores arrangements with the maximum of econo- 
mic efficiency, this having an important part in reduc- 
ing the overall costs of production, refining, and 
marketing; and, secondly, that the consequences of 
currency restrictions are felt by all. The latter have, 
since the war, made necessary a long period of educat- 
ing British suppliers to attempt to compete, both 
technically and in speed of delivery, with the leading 
specialist suppliers of oil equipment in the U.S.A. 
This last point is mentioned because, in recent years, 
the most serious complications in maintaining stocks 
and in meeting the inevitable fluctuations of activity 
by adjusting outstanding commitments for materials, 
have been the length and unreliability of manufac- 
turers’ delivery times in the U.K., the volume of out- 
standing orders in various stages needed to bridge the 
delivery times, and the non-resilience of these com- 
mitments to rapid increase or cancellation. 


* The Shell Petroleum Co. Ltd. 
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In a present-day oil enterprise the stores problem is 
not met by simply providing a warehouse and bins 
with a “ storekeeper” in it who can lay his hands 
quickly on whatever an operative happens to want. 
The storekeeper of forty years ago has had to become 
an experienced specialist, and in all but the smallest 
installation, a carefully integrated materials depart- 
ment, under a competent executive with a wide know- 
ledge of the oil business, is now required. The primary 
functions remain the same, namely : 


(a) to call for the materials needed for opera- 
tions in sufficient time, and to maintain the mini- 
mum stocks consistent with uninterrupted opera- 
tion of fields, plants, and installations ; 

(b) to arrange efficient and economic storage, 
handling, and administration of materials. 


However, due to technical advances of the industry, 
and in particular to the increased range of pressures, 
depths, and temperatures to be catered for, and to the 
increasing complexity of modern internal combustion 
and electrical equipment, it has now become fairly 
normal to deal with over 50,000 stock items of a value 
measured in millions of pounds, and to find that out- 
standing commitments (material ordered but un- 
received) closely approach the value of the stock in 
hand at a certain moment. 

To carry out these primary duties the following 
assets are needed (the majority are discussed later on 
in this sequence) : 


(a) Staff. Properly trained. 

(b) Organization. Sound departmental one, 
however small, enjoying the confidence and back- 
ing of management. 

(c) Facilities. Adequate warehouses, yards, 
and so on, 

(d) Routine. A clear sensible one, suitable for 
handling, receiving, storage, and issue, and for 
maintaining adequate records at each stage. 

(e) Replenishment. First class arrangements 
for ordering new supplies. 

(f) Equipment control. A special routine to 
keep track of certain long-life equipment, which is 


History 
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liable to be used by different operators. (This 
can be coupled to specialized drilling tool service.) 

(g) Material accounts. Close harmony with 
the Accounts Department in all arrangements 
concerning the money value of material. 

(h) Safeguards. Organized stock checks, re- 
conciliations, and audits to prove correctness of 
records and, ultimately, their correspondence 
with related accounts balances. 

(i) Local purchases. Arrangements, under the 
guidance of the home purchasing office, for buying 
certain supplies locally. 

(j) Surplus. Measures to determine, continu- 
ously, material which is surplus or liable to become 
surplus, to promote its early use and, to submit 
required reports to enable financial effects to be 
anticipated, etc. 

(k) Salvage. Measures to clean up and, where 
justifiable, to recondition. 

(l) Coding and standardization. Measures to 
establish and maintain a clear-cut catalogue of all 
materials used, and to indicate those articles 
which can be considered as standardized, with 
due regard to national and company technical 
standards, 


To these should perhaps be added : 

A manual of guidance on policy and procedure, 
and a management interested, far sighted, and 
strong enough to put weight behind the principles 
of material administration which are approved, 


STAFF 


It is not possible to present a general “ table ”’ 
indicating how many men are needed to handle a 
given number and volume of movements, or to discuss 
here the various different alternative ways of organiz- 
ing those men on broad lines. It is possible, however, 
to advise as to the type and quality of men needed and 
on their training. 

If engineers and other technicians are to get ahead 
with the special work for which they are qualified, with 
the minimum of distraction by details of material 
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supply, and if accountants are to keep accounts with- 
out having to bother about tens of thousands of 
different material descriptions, and if, again, manage- 
ment is to have an intelligent adjutant to advise him of 
the consequences in terms of logistics of his intended 
changes of policy or tempo, it is necessary to train 
materials men and preferably to start training them 
about six or eight years before they are needed. 

There is to the best of the writer’s knowledge no 
school or university course giving the required training, 
while few other industries provide pre-trained men— 
except specialists, such as in the Commissary Division. 
Therefore the training has almost always to be given 
in the oil industry itself. 

Senior ‘‘ materials ’’ positions should be held only 
by men who are fully masters of all branches working 
under their own control. Not only does this enable 
these seniors to tackle problems from first-hand know- 
ledge, but they will get the best out of their assistants 
and enjoy their confidence, whilst, what is increasingly 
important, each junior will see that the long process of 
“ Jearning materials’ is not leading him up a blind 
alley, but into a definite path of career development. 

These seniors must be capable of inspiring en- 
thusiasm in, and of training, the juniors. 


Intake Qualities 


Among the qualities required of the * intake’ 
the following : 


(a) A basic standard of education somewhat 
higher, if anything, than city clerical staff. 

(b) A clear mind, able to see essentials in a 
mass of detail. 

(c) practical bent—leaning towards the 
technical but in most cases not too far. A real 
interest in materials and machines can usually 
be detected if it exists. 

(d) Anaptitude for languages (where applicable) 
and an outlook sympathetic to foreign peoples. 

(e) Ability to organize others to work together. 
A persistently individual worker, however brilliant 
is unlikely to succeed. 

(f) Capacity to give service with a smile. A 
man, however capable, who is * prickly” will 
leave a trail of dissatisfaction. 

(g) Preferably a basic knowledge of the prin- 
ciples of accountancy (such as might be gained 
during a couple of years work as a junior accoun- 
tant). 

(hk) A capacity for patient and persistent work 
of an administrative nature, following a routine 
without falling into a rut. 

(i) Ability to get along with others, and in 
particular to enforce rules of procedure without 
impairing good relations. 

(j) Unquestionable integrity. 


are 


At first sight it might appear that a young fellow of 
about twenty, with all these qualities would be un- 
likely to want to work in materials. However, there 


are many such men who keenly desire a job which is 
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partly outdoor and who, not being qualified specialists, 
can see clearly enough the scope for running materials 
administration really well, and enter into their training 
with heart and soul. 

In the U.S.A. it is not unusual for University 
graduates to start such work, but those men should 
not embark on a materials career unless of their own 
strong choice, as they will need an unwavering en- 
thusiasm to carry them over the latter stages of their 
training, and to prevent them being discouraged by 
what at times may appear to be loss of ‘ professional 
status.”” Where the right graduate is found there 
is no question that he can absorb training more rapidly 
and will be likely to carry a senior job with great 
distinction. 

Where operations are really extensive, there is a 
potential need for specialists, normally, in some of the 
following lines : 

(i) stock analysts, spare parts for machinery ; 

(ii) stock analysts, electrical equipment ; 

(iii) equipment control (refer (f), p. 124); 

(iv) drilling tool service ; 

(v) liaison with engineers on project planning ; 

(vi) liaison with engineers on special refinery 
projects ; 

(vii) methods, statistics, 
(generally by liaison) ; 

(viii) commissary; and 

(ix) Customs and/or port agency work. 


and mechanization 


For each one of these tasks men are in some instances 
drawn from the ranks of trained materials men and in 
other instances brought in from other departments or 
companies, 

There is no hard and fast rule as to which is the 
better method in each case. Frequently a strong 
“bent ’’ which makes itself felt during the period of 
training will steer a man into a special job, but a 
materials man is nearly always better placed if he has 
general training as well as specialized knowledge. 


Training Period 
This can be considered as falling broadly into three 


stages, and some notes on appropriate arrangements 
follow : 


(a) Preliminary course. Depending on the age 
of entering materials work, previous experience, 
and whether an overseas contract is aimed at, the 
trainee is given a preliminary course of one to two 
years, including a minimum period of three 
months in a warehouse and some time in central 
offices connected with purchase of materials, and 
with accounting. The remainder is spent mainly 
in the office responsible for advising on the admini- 
stration of stores. During the latter period he is 
given ample time to study all relevant subjects, 
including a language, is taught a great deal about 
the oil industry in general, visits selected manu- 
facturer’s works, and becomes acquainted with 
the catalogue and code of materials. The trainee 
is carefully observed and reported on throughout. 
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Junior Materials Assistant (Trainee)—Two-year Programme 
of Training 


Period 
(each in 
sequential 
order) 
One Assistant Materials 
week Superintendant 

One Receiving 
month 


Department or 


Scope 
Section 


Introductory or induction. 


Foreign and local receipts. 
Routing of documents. 
Actual checking of material 
against receipt sheets. 
Shipments (outward). 
Documentary procedure. 
Storage methods. 
Preservation of material. 
Issuing. 
Storage methods. 
Preservation of materials. 
Tubulars, special study. 
Issuing. 


Three 
months 


One 


month 


One 
month 


Engineering : 
(a) fields Construction and mainten- 
ance field work. 

Machine and overhaul shops, 
welding shops, etc. 

Plant operation, etc., and 
special visit during major 
shut-down. 

Roughnecking. 


(b) shops 


Three Refinery 
weeks 


One Drilling 


month 
Three 
weeks 


Production Working with a well-pulling 
crew (two weeks). 

With section head (one week). 

Work on casing, tubing, and 
cement requirements, 

With equipment engineer and 
field chemist. 

Accounts system. 

Tool service. 

Salvage. 


Three 


Exploitation 
weeks 


Three | Movables 
months 


Due for yearly local leave, 
Two | Stock checking 
months 
Two | Materials accounts | Pricing. 
months | Card posting. 
j Receipts and issues. 
Reconciliation. 
Local purchasing | FLPO’s and indents to local 
purchasing office. 
Cargo clearance. 
Customs. 
Claims 
Transhipment. 
Local purchase. 
Local coding. 
Proposal forms. 
Work ordering cards, 
Review for programme. 
Procedure and preparation of 
indents. 
Compilation of surplus list. 
Screening of indents from 
other areas. 


Work with checkers. 
Follow up to adjustments. 


One 
week 


Two 
weeks 


Port of entry office 


One M.E.S.C, 


month 
Six Ordering 
months 


| 


Due for yearly local leave. 


Note: (a) T.W.1. instruction to be given at convenient 
time during first year. (b) Relevant G.M.A. memorandum— 
chapter to be studied. (c) Report by department—section 
supervisor on completion each stage. (d) Trainee to keep 
note book—to be shown to and commented on by the depart- 
ment-section supervisor on completion each stage. 


TOYE: ADMINISTRATION OF STORES IN THE PETROLEUM INDUSTRY 


(b) First contract training. During his first 
contract or working period a special programme 
is, if possible, arranged to ensure his becoming well 
founded on a broad front without delay. An 
example of such a programme is shown in Table I. 
By his second year, a really good junior should be 
capable of putting in useful work wherever he is 
located for training purposes. He is carefully 
observed and reported on at quarterly intervals, 
and by his third year it should be possible to 
assess his quality fairly accurately and from this 
assessment commence to plan his subsequent 
career. 

(c) ‘* Rounding-off ”’ of experience. From his 
third year onward, depending on whether he is 
trending towards specialized work and what his 
ultimate potential appears to be, care is taken that 
he spends an adequate period in each form of 
stores work—a minimum of six to nine months for 
this purpose. This not only leads to his handling 
all tasks with better understanding of the related 
work, but gives a product of a fully rounded off 
man for promotion or transfer. During this stage 
a record is kept of his performance in each cap- 
acity. 


ORGANIZATION 


Where there is a materials department serving more 
than one operating centre its head should find his 
work divided into broad divisions, each being super- 
vised by a man capable of independent action in his 
own sphere of work. Where this has not been 
arranged a good man may be overwhelmed by petty 
paper work. Suitable main divisions might be : 


(a) administration ; 

(b) replenishment (stock analysts) ; 

(c) warehouses (including yards, etc.) ; 

(d) equipment (i.e. as (f), p. 124); and 

(e) commissary (if applicable). 
One division head would be the accepted deputy of 
the head of the department. To him might reasonably 
be entrusted a general supervision of the training of 
juniors. At each operating centre the materials staff, 
under the senior supervisor, come under the local field 
superintendent, but conform to the control of the 
materials department. 

Where there is only one operating centre it is some- 
times found preferable to have a “ number two ” at 
the head of the department and then drop down to the 
separate working sections of the warehouse, yard, 
material accounts, replenishment, local purchase, 
equipment control, etc. 


FACILITIES 


Warehouses and fenced yards must be adequate, 
well planned and lighted, and provide for rational 
expansion where operations may increase. The cost 
of this is small in relation to deterioration of valuable 
equipment and loss of efficiency otherwise, e.g. as by 
piling up, and even “ bogging down,” of receipts, 
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involving double handling, and delays to issues. 
They must provide protection against pilferage. 

Warehouses should have transport and material 
handling equipment at their constant disposal. Like- 
wise, the staff must be mobile, not only from warehouse 
and office to site of work, but from their homes for 
night work when this is liable to arise. 

The cost of modern handling equipment and other 
facilities must be measured against expected savings 
in labour and speed of issue, etc. There are much 
published data on this subject, but they relate almost 
entirely to the ‘“ production line’ type of handling. 
The institution of any new storage or handling facili- 
ties whatever should be undertaken only in consulta- 
tion with the head of the materials department. 
Facilities should be based on concentrating the care of 
materials in one department and preventing other 
departments from accumulating “ unofficial stocks ”’ 
in shops, at plant, etc. The latter process leads to 
abuse, e.g. duplication of stocks, irregularity in accounts 
and costs, upsetting of the replenishment system, and 
lack of control generally. 


ROUTINE 


It is outside the scope of this paper to set out 
administrative routine in other than general terms. 

Broadly—and ignoring the very early stages of 
exploration by parties, where administration is 
deliberately curtailed—the materials department 
should keep stock records for all articles under its 
charge—preferably at the warehouse itself or in a 
connecting office, and every transaction should be 
properly documented. These records should be such 
as will enable the department to give speedy and 
accurate information regarding articles and the 
quantities on hand, and they form part of the essential 
records of a company. 

Again, broadly, the system of recording stocks and 
movements should depénd on their volume and value, 
and on such local factors as the wages and efficiency of 
card clerks for hand posting compared to the alterna- 
tive of posting cards by machines and on the extent 
and timing of the information required by operators, 
who have drawn materials for their jobs and projects, 
and by management. 

It is quite normal in the oil business for stock records 
to be initially set up on visible cards, hand posted, and 
when, for example, items exceed 40,000 and movements 
600 per day, to transfer to vertical cards, machine 
posted, with automatic calculation of new quantity 
and value balances (by adding or subtracting only). 
In distant lands, where limited service only is available, 
it is generally wise to instal comparatively simple 
machines, and to use separate electric computers for 
multiplying the quantities by the price to value the 
transactions, and to work out new average prices 
where necessary after a new receipt. Beyond this 
type of machine, a large number of items and move- 
ments, coupled with the need to collate the work of 
several using centres, may justify the use of ‘* punched 
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card ’’ machines, especially if they are in use, or pro- 
posed, for other departments’ work. Where careful 
comparison of current and estimated costs shows 
there is a prima facie case for their introduction, it 
must be very carefully planned, since not only should 
all items be numerically coded on a decimal system 
permitting logical insertions, but for each code number 
there should be an easily understood “ abbreviated 
description ”’ (limited to a small number of letters) so 
that mechanically produced statements are intelligible 
to users, materials men, aud management. Moreover, 
a high standard of discipline in preparing source docu- 
ments according to a set plan is needed. All in all, 
two years’ careful preparation may have a handsome 
pay-off, and it is wise to defer selection of the actual 
machines as long as possible. 

If there were a common decimal code used by the 
whole British oil industry with corresponding abbre- 
viated descriptions known to all concerned, the ex- 
tended use of punched cards for materials throughout 
the industry could be unhesitatingly recommended if 
for no other reason than for the remarkable statistical 
and technical data which would flow from the collec- 
tive system, enabling studies of performance, con- 
sumption, and costs to be made where today they are 
impossible. 

Some reference to prices and values has been made 
above under the heading of ‘‘ Routine,”’ and there is 
further reference to this subject below under the 
heading ‘‘ Material Accounts.” Undoubtedly prices 
of materials and values of material balances and move- 
ments play a great part in modern materials control, 
quite apart from their need, collectively, in the 
accounts carried by the Accounts Department. If it 
is accepted that the influence of the Materials Depart- 
ment on the operations of the company should be 
towards economy, then not only should all its arrange- 
ments be consistent with this point of view, but the 
head of the Materials Department should also train his 
staff to realize that material is money, and that the 
material in their charge should not be treated as 
representing money already spent, but in fact repre- 
sents an important investment of the company’s 
capital for which they are responsible to the Manage- 
ment. 

How better to organize this than by having the 
price shown on the warehouse stock records and having 
these carry up-to-date value balances, worked out by 
materials staff by extending movement vouchers in the 
warehouse office? Where this is done, and granted a 
regular check of cards against stocks, a close relation 
between the actual stocks on hand and the accounts 
carried by the Accounts Department can easily be 
maintained by each warehouse producing periodically 
(say monthly) summaries of the card value balances 
for comparison with the corresponding ledger total of 
the Accounts Department. 

Simultaneously, the same value calculations in the 
warehouse office, which are built up by groups of 
materials (since stock cards should be kept in material 
group sequence) will furnish the head of the department 
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with valuable statistical data showing the effect— 
money-wise—of the arrangements for stock holding 
which he is making. These figures can very easily be 
amplified by the values of receipts and issues—group- 
wise—over the same period and by the values of out- 
standing indents at any one time—also groupwise. 

Though admittedly with punched card mechaniza- 
tion all such grouped value statistics flow automatic- 
ally from card tabulations, it is important that the 
human touch should not be lost, for the machines can 
only reproduce what has long previously been fed into 
them away down the line, according to a somewhat 
rigid pattern of numerical codification. 

From time to time attempts are made to organize 
short cuts, either to reduce the number of postings or 
to simplify calculations, such as by using round figure 
prices, eliminating cents, ete. 

It is an advantage of punched card mechanization 
that it scarcely pays to bother about short cuts. 
Moreover, if a short cut complicates the routine or 
leads to relaxed warehouse or office discipline, or 
results in inferior service to the operations, it is almost 
always better avoided. 

At this point, one of the finest systems of admini- 
strative routine is still the intelligent use of carbon 
copies. Aided by multiple padding, varied headings 
and colours for specific purposes, and an intelligent 
office staff, it can perform marvels of integration and 
diffusion of information, 


Issuing 


The routine of issuing against properly authorized 
requests is reasonably straightforward, and each using 
department should either be given a copy of their issue 
vouchers priced and extended, or at least once a week 
a statement showing the quantity and value of every 
issue to the department showing the account charged. 
If it is mechanized the material descriptions must be 
decoded. 

From a knowledge of equivalents, the materials 
staff should draw the attention of the spending de- 
partments to any possibility of using some alternative 
article, the object being to economize by using up 
non-standard, second-hand, or salvage materials 
where practicable, and to avoid the use of expensive 
material where a cheaper article may be suitable for 
the purpose. 


Receiving 


For material received and unpacked in the ware- 
house or yard the Accounts Department should make 
charges only to Material Account on the signature of 
the Material Department. Where, under careful con- 
trol, some special materials are delivered direct to a 
using department and retained, it is still recommended 
that the Materials Department should handle the 
receiving documents, taking up complete packages of 
goods only, and keeping the accountants informed. 

Prices must be available immediately on arrival of 
goods, even if approximate figures have to be used for 
certain cost factors, 
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Sub-stores 

The extent of administrative work may be modified 
in the case of small sub-stores, bearing in mind, how- 
ever, that, in general, modification of the routine 
means loss of control. 

A good example of wasted ingenuity and effort can 
be an attempt to run a sub-store on an ‘ imprest ” 
system when the operation is a live one with fluctuat- 
ing requirements. A complete set of stock records 
maintained separately if necessary, at the “ parent ”’ 
warehouse office would be a better solution. 


REPLENISHMENT 


A principal pay-off of a well organized materials 
administration operated by experienced staff lies in 
the work of replenishing stores, including the handling 
of messages and correspondence connected with 
individual indents or with the classes of materials 
called for. 

The basic difference between home production line 
workers and oilfield workers is that the former can use 
a simple system of minimum and maximum stock 
levels to control stock replenishment, because they 
work to a long-term programme, for which the com- 
ponents needed have been closely planned and can 
usually be obtained at short notice. 

In oilfields today the total elapsed time (period 
between the demand originating and the on site 
delivery) varies commonly between one and two years 
for different classes of materials (which may be needed 
for the same job however), and, since both ends of the 
operations, namely oil production and sales to con- 
sumers, are liable to fluctuate at short notice in un- 
predictable fashion, there is no alternative but to 
review all materials stock at short intervals. 

The stock analysts who do this work under the head 
of the department need to be both experienced and 
imaginative. Their task calls for the closest collabora- 
tion with personnel of other departments, combined 
with an ability on the part of each to understand and 
appreciate the problems and difficulties of the other. 

It is probably justifiable to aim at reviewing all 
stocks at quarterly intervals, and really important 
items more frequently. On the face of it, it means a 
lot of repetitive work, since consumption figures for 
all items have to be specially summarized for each re- 
view, but experience shows that a skilled stock analyst, 
provided he is not flooded with too many items to 
study, and is assisted in the detail work, can work 
much more quickly at quarterly intervals than if he 
has to cast his mind back six months or more. A 
separate ordering card per item is found to be more 
satisfactory than to attempt to use the stock card as 
the sole record for the stock analyst. His record 
clearly should extend over many years and give a 
good bird’s-eye view of the item. 

The normal type of formula used is of the order of 

OT + P+ W)—~(S+0)=Q 
where C is the estimated monthly consumption, 7’ the 
total elapsed time for the article in question measured 
in months, P the period between reviews in months, 
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W the working stock if any, in months’ consumption, 
S the stock at the time of review, 0 the outstanding 
quantity on order, and Q the quantity which, intheory, 
needs to be ordered. (7'+ P + W) extends beyond the 
end of the period for which the new order is being placed, 
and it can readily be seen that an error of only 25 per 
cent in estimating forward consumption or a subse- 
quent change in the rate of use can easily mean an over- 
or under-order equivalent to six months’ consumption. 
This may be difficult to cancel, or make up in time, as 
the case may be, bearing in mind that O represents six 
more past quarterly indents at different stages of 
manufacture (see p. 123 for details of present-day 
conditions). 

Using departments must be made to share the re- 
sponsibility for forward estimating and ordering and 
it is important that their heads, should plan no new 
work, nor increase nor decrease any programme, with- 
out prior consultation with those responsible for 
supplies, namely the Materials Department. 

Major problems are the joint estimation, with 
engineers, of requirements for projects and of spare 
parts for the maintenance and overhaul of machines. 
Here the stock analysts must have adequate special 
knowledge to be competent to temper the tendency 
of some technicians towards undue optimism or 
pessimism. 


EQUIPMENT CONTROL 


A main purpose of this control is to ensure optimum 
use of valuable equipment between departments, and 
to provide in some cases a reasonable life history of 


units and in all cases a basis for reconciliation with the 
related account. A stock record card capable of 
recording all units of each type by specially allocated 
individual numbers is needed, supplemented by a 
simple set of cards per unit in duplicate but in separate 
colours. One colour is filed per location and the other 
per type of unit. Clearly if the special numbers are 
coded to types, the cards can be in numerical order. 
The man in charge needs to have adequate technical 
background, and must be active and co-operative, 
since no perfect system of keeping him fully posted of 
movements has yet been devised, and he must rely 
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on checks and on very close personal collaboration 
with the operating staff. In the case of drilling opera- 
tions either he or a toolman, working in close col- 
laboration with him, can with advantage be an ex- 
driller or qualified technician specially trained to 
service drilling tools. 


MATERIAL ACCOUNTS 


The work of the Materials Department is closely 
connected at every stage with the work of the Accounts 
Department relating to materials, and the co-operation 
between the departments should be as close and 
friendly as possible. 

The Accounts Department should be a party to all 
methods used by the Materials Department, and should 
be consulted when it is proposed to make any change. 
Since, as described, it posts its accounts from source 
documents either originating in the Materials Depart- 
ment or processed by them, it has a very good idea of 
the accuracy of the routine work in that department 
and knows how far it can lean on the Materials 
Department to provide correct accounts’ numbers, 
value totals, etc., and how far these require close 
checking. 

The Accounts Department should be a proper party 
for management to call on to conduct a periodical 
audit by test checks and by examination of the 
Materials Department’s records. They should exam- 
ine any stock revaluations or write-offs proposed by 
the Materials Department, and ensure that they are in 
line with the financial policy of the company. 


BIBLIOGRAPHY 


Books on administration of stores in the oil industry 
are rather naturally rare. The B.S.I. pamphlet on 
Storekeeping is of very limited interest to the oil 
industry. 

In the U.S.A. there is an excellent periodical called 
Railway Purchasing and Stores which has given a lot of 
attention to the spare parts problems of dieselization. 

The Shell group have long had a comprehensive 
‘Guide to Material Administration.’”” No doubt it 
is in many respects similar to the books published by 
other oil companies. 


DISCUSSION 


L. 8. Davis: Today, the materials side forms a very 
important part in the running of a refinery, and the 
correct investment of capital in materials and spare parts 
is a vital factor in the well-being of a company. 

There are one or two points which I would like to ask 
Mr Toye. 

On the question of stock values carried by the inven- 
tory, can these be related directly to the total capital 
expenditure which may have taken place during expan- 
sion? Again, are there possibly limitations which would 
apply to the home refinery as compared with the overseas 
refinery? There may be some definition of these limits, 
but my Company was able to make a fairly direct com- 
Fongeren with the inventories of its U.S. associates, both 

y material groups and in toto. 

On the question of staff. Mr Toye put staff, organiza- 
tion, and facilities at the head of his list, in that order. 
Management backing is essential to ensure that those 


three features are adequately provided and supported 
right at the head of the table. With regard to the num- 
ber of staff, can one relate this figure to the value of 
inventory, or to turnover, or again, would one make a com- 
parison with other refineries or affiliates within the group ? 

I would say here that I firmly believe that all materials 
handled must have their individual code or symbol, and 
that every individual transaction should be separately 
documented. Mr Toye mentioned this point, and I 
believe also that it is of paramount importance in keeping 
stocks to proper levels and to ensure that these do not 
bear discrepancies. 

A further point is that of expediting materials. I 
wonder how far a stores group should be tied in with the 
expediting function ; is it possibly more directly related 
to the Purchasing Department or even to the inspection 
group? In any case, I believe that during the past few 
years the question of the expediting function has been 
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of the greatest importance in the expansion of my 
Company's new refinery in the U.K. 

Mr Toye did not mention the Planning Department. 
In most businesses these days the Planning Department 
is tending to come to the fore ; how, in the refinery, does 
this section relate to the procurement and availability 
of materials ? 


R. C. H. Toye: First, as far as the inventory values are 
concerned in relation to plant value. My experience is 
that the inventory value | ene more on the 'T.E.T. (the 
total elapsed time), than on the total amount of money 
spent on the plant. It also depends on what your 
arrangements with the contractors are, and I dare say 
your experience has been the same as mine, that due to 
arrangements made by, shall I say, third parties with 
contractors, the storekeeper sometimes gets perhaps half- 
a-million pounds worth of equipment brought into his 
warehouse, which he has to bring into his inventory. I 
have a very interesting photograph somewhere of stacks 
of axe and adze handles, each of which would “ run ”’ 
from here to the wall and be about ten feet high. They 
were really wished on to the stores by the contractors, 
and that sort of thing can badly inflate the starting 
inventory. By the time the refinery has been running 
for three or four years, the stores’ staff should have settled 
down to keeping a minimum inventory based on total 
elapsed times, but the beginning period, after the con- 
tractors have finished their jobs, is an uneasy one, In 
the U.S.A., my colleagues told me that out there they 
always used two stores men for liaison with contractors. 
One, I think, was to see that the contractors were putting 
the material into the job which they said they were going 
to put into it, and the other to see that they did not 
return to the stores more than was necessary, and that 
the prices of any returns were O.K. 

If I did not mention the Planning Department —that is 
perhaps an oversight of mine. In the paper, under 
specialists, I did mention the liaison between the planning 
of ordinary and refinery projects, but I did not expand 
the point. I personally believe wholeheartedly—I 
think it is essential—that every technical department in a 
field or refinery ought to have its planning section, and I 
think, where the operations are of any size, the Materials 
Department ought to have a pretty knowing man with a 
technical background, or an ex-engineer who is friendly 
with some of the engineers, acting in close collaboration 
with this Planning Department. 

In regard to the point which Mr Davis made on the 
expediting of materials. In the U.K. there is no question 
that some of the tasks which I allocate to the Stores 
Department would fall to the Central Buying Office, 
because it is so close, and you have not got the enormous 
time lag associated with overseas operations. The 
expediting may be "ed a question of getting on the tele- 
phone from the refinery to the buyer of the particular 
material or the expediter, and this cuts out a tremendous 
time lag and simplifies the storekeeper’s work. The 
Planning Department can help in this connexion by 
re-scheduling to cope with unavoidable delays and taking 
any other helpful action possible to ease the store- 
keeper's task. 

On the question of the number of staff necessary, [ 
can say that as far as my Company is concerned, this 
yeartine: partly on methods adopted. I did say in the 
paper that I could not undertake to tell you how many 
staff there should be, and that I could not give you a 
table indicating how many men were needed to handle a 
given number and volume of movements, but that I was 
quite willing to discuss various different alternative ways 
of organizing the men on broad lines. In every section 
of the Materials Department the numbers can vary 
widely according to the systems in use. For instance, 
in the office section, it depends on the machines you have 
got and also on the quality of your local staff.. If you 
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start up in @ very primitive area you may have three 
times as many clerks doing the job as are needed else- 
where. Of course, if they only cost one-third per clerk of 
what is normal, it does not hurt you very much, although 
the result is rather awful. In the U.S.A., on the other 
hand, I have seen the opposite extreme with a high 
degree of mechanization. For example—and this is 
almost unbelievable—I have seen the Receiving Section 
in one big refinery run by two forklift truck drivers sitting 
on their forklift trucks all day and assisted by only two 
labourers. Previously, I think, they had forty-two 
labourers and a staff of eight in the Section. Well, there 
they have cut it right down, but when I discussed with the 
field men whether they could do the same with their 
receiving sections, all kinds of snags were put forward. 
You could not train a man with brains to sit on a forklift 
truck all day, because though he would use his brains to 
run his forklift truck, he would not do so to re-stack the 
material for you, and so on. I must beg leave, therefore, 
not to answer the question of whether one can relate the 
number of staff to the values of material. 


W. E. Madden: Mr Toye mentioned that, in convincing 
management of the importance of the Materials Depart- 
ment, a précis of the manual which most Companies have 
is very valuable. I would certainly endorse that opinion 
from personal experience. These manuals tend to run 
into several volumes, and a condensation of the most 
important aspects directly affecting managements is 
most valuable in persuading them of the importance of 
staff, facilities, and so on for an efficient materials 
administration. 

A point which some managements need to have drawn 
to their attention is that of ‘‘ good housekeeping.” In 
my experience, good housekeeping may cost a lot of 
money at the start, but it certainly pays dividends in the 
end in added efficiency. 

I was also interested in Mr Toye’s remarks about local 
purchasing. This is a subject which can lead to diffi- 
culties in dealings with administrations abroad. It is so 
much easier for a local materials man in the field to send 
out his local purchase men to buy materials off the shelf 
than to put through an indent and wait for the goods to 
arrive. I was wondering what Mr Toye’s ideas might be 
about the relative merits of local purchase as against 
purchasing through a Head Office. 

Salvage also was mentioned. It is frequently a con- 
troversial point in the field as to whether the Engineering 
Department or Materials Department should be respon- 
sible for salvage; also whether all sorts of materials 
should be collected and reconditioned, regardless of 
immediate requirements, or whether one should wait until 
there is a demand for valves, pipe, or what have you be- 
fore the necessary reconditioning work is carried out. 
It would be interesting to hear Mr Toye’s ideas regarding 
these points. 


R. C. H. Toye: On the question of the provision of a 
précis of the stores manual for management, I can say 
that in my Company there is, in fact, in embryo, an 
abbreviated manual for management, which is tried out 
on various managers to see how they react to it, and in the 
end it is expected to produce something rather good that 
will be capable of wide circulation. 

Some years ago, another oil Company asked me to go 
and help them on their stores problems, and I more or 
less confined my help (I spent a day with them) to saying 
‘ Well, if you want to prepare your own manual, I will 
tell you how to prepare it, but I can not help you specific- 
ally on all your thousand-and-one small problems.” I 
believe that if you were to take a paper such as this, each 
of you could very quickly, if you have not already got 
one, get out a manual and, from it, make a brief extract 
for management. In doing the latter you would, of 
course, need to wear management spectacles, because 


managements are impatient and want to know only the 
things that ‘‘ pay off ” and the things tliat are important. 
I think it is quite possible, however, to build up a short 
note on that basis. 

On the question of local purchases there are, I fear, 
many snags, particularly when you are operating abroad. 
I know that this is not of much interest, perhaps, to home 
refineries, but abroad there is the temptation that Mr 
Madden has mentioned. You can so easily send your 
man round to pick up the thing you saw in the shop, and 
if you do it once, you do it again, and you can do it at 
short notice. For purchases from U.K. manufacturers 
our T.E.T, is about 1-2 years, or, say, an average of 15-18 
months whereas the T.E.T. for a local purchase, if they 
have the goods in the shop window, may be of the order of 
two days ; and even if they have to make it, it may only be 
of the order of three weeks ora month. If you just follow 
the local T.E.T., you automatically rule out the chance of 
giving your Central Purchasing Office a chance of buying 
at, probably, far more favourable prices, apart from any 
currency consideration. There is one solution only to 
this, and that is to come to an agreement with your 
Central Purchasing Office over a period, and to have an 
understanding with them that there are certain things on 
the list which you are going to buy regularly from local 
sources, and so reap the advantages of quick delivery and 
stock limitation. For certain other things where it pays 
to cable, you will consult them by cable or letter. Over 
the rest you more or less draw a veil—you call it ‘* emer- 
gency,” and you call it petty stuff and you do not fool 
around with a lot of paper work on one electric iron for 
somebody or other’s wash-house. 

Why I am a bit indifferent as to the subject of salvage 
is because I am firmly convinced that you must have an 
enthusiast to deal with it. You need to find a man who 
has got it in his blood. If he happens to belong to the 
Engineering Department, by all means let him “ sit ” in 
the salvage yard and put labels on the things as they come 
in. He will be keen on it, and he will run the section 
for you. All you will need to do is keep him happy, steer 
him in the right direction, and stop him, for example, 
from arranging for the reconditioning of a thousand stud 
bolts when you have got ten thousand in your warehouse, 
or from doing similar things just because, being an en- 
thusiast, he hates to see his stuff lying idle and thinks 
it a bright idea to get it all reconditioned regardless of 
cost. I hope that is sufficient answer on the salvage side 
-——just get your enthusiast—he is far more important than 
niceties of routine. 


H. St. V. Longley-Cook : I would have expected that in 
a branch of the industry of this size and complexity there 
would have been some standard textbook of procedure, 
but I understand that so far nothing has been produced. 
There is also no standard generally laid down in industry 
a3 a whole for storekeepers, and | think that until there 
is you will not get into the materials side the type of 
— who will answer the other problems which have 

n put before us. 

The only other small point I would like to make is that 
I do feel that some of these systems of stores control, 
particularly those associated with punched cards which 
develop a very high standard of accuracy, are based on 
original documents which in some of the countries over- 
seas are really very cursory, and I think there is a danger 
of multiplying two approximations and giving an answer 
implying an accuracy to several places of decimals. 

Also I think that in certain of these suggested routines 
there is a danger that the necessity of obtaining accurate 
information for the Purchasing Department, materials 
controller, and chief accountant obscures the necessity 
for the prompt, approximate figures required by manage- 
ment. Management are far more concerned with getting 
rough figures really quickly than they are with a detailed 
figure received too late to take any action on. 
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R. C. H. Toye: May I thank Mr Longley-Cook for his 
remarks, which are extremely interesting. I can see he 
has my own feeling, though I do not quite agree with 
him, as far as my Company is concerned, that a store- 
keeper who has done his training has nothing to show. 

With any of my Company’s stores’ personnel, who have 
done well in their training and wish for any reason to get 
some other kind of employment, full credit is given to 
them for their experience, which is usually very wide and 
generally embraces a certain amount of accounting and 
technical knowledge, and a wide knowledge of materials. 
I may say that part of the ulterior motive which prompted 
my reading this paper (because I hate —— papers) 
is really to do what Mr Longley-Cook would like in a 
slightly different way. I donot think it would be possible 
to set up an institution of storekeeping or materials 
administration, but agreement on the desirability of a 
high standard could undoubtedly be reached. And now 
that you know my views, you can graft your own on to 
them. I should perhaps also mention that some friends 
who had stores men ex Abadan, when my Company was 
in need of such men, very kindly referred a number of 
them to me, and I found them “ pearls ” beyond price. 
This was because those friends had spent money on select- 
ing and training these men. In fact, I totted up, in the 
case of two of them, what they must have cost my 
friends in their two years’ training in the U.K., and it was 
more than my own trainees were costing me, so I am not 
alone in believing that training pays. But I think we 
can all do something in the oil industry to make the 
status of the trained storekeeper more secure, widely 
known, and accepted. 

In regard to the so-called “ adjectival storekeeper,” 
I think most of us are past those days, I am glad to say, 
and I think we all ought to be past them within a year or 
two. Inthe U.K. you do not need a visa to go to Fawley, 
as far as I know, so you do not need necessarily to aban- 
don the title of storekeeper, but the title ‘‘ Head of the 
Materials Department "’ better symbolizes the work he 
has to do. 


A. P. R. Church: I am pleased to see this paper, be- 
cause even as recently as twenty years ago, storekeepers 
were not regarded very highly, in fact one might say they 
were more-or-less outcasts, as it was not understood what 
was required of them. I think we owe rather a lot to the 
satirist who wrote ‘“‘ How to run a Bassoon Factory,” 
because for the first time I believe an accurate point of 
view of what a storekeeper needed to be was brought to 
the attention of management, but I do not think there 
is any doubt at the moment. Every enlightened direc- 
tor, and the directors of the oil companies are somewhat 
enlightened, is watching his stores inventory daily, and 
the control of the stores inventory, when all is said and 
done, calls for very highly trained storekeepers. I do 
not think Mr Longley-Cook need worry on the score that 
the establishment of status is required. I know that 
some of the smaller companies are looking for men who 
have been trained elsewhere, realizing that their over- 
loaded inventories at the moment are in part, if not 
wholly, due to bad housekeeping, which is the effect of 
untrained storekeepers. Management must rely on their 
stores superintendent, materials supervisor, call him what 
you will, for advice on stocks to be carried, and if their man 
is below standard, then inventories can get out of hand. 

One point I would like to ask Mr Toye is whether he 
favours the system of bin cards, that is stock cards carried 
within the stores which serve as the stock mover’s record, 
and show what he should hold in his bins. In other 
words, an independent guide and an opportunity for 
day-to-day checks for what he should have in those bins 
outside the scope of the regular audit or inventory. 


R. C. H. Toye: With regard to bin cards there are, as I 
think I described in the paper, many materials which are 
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capable of being ** unit piled,’”’ and for these a bin card is 
scarcely ever necessary. There are a few materials where 
you are better off, I freely grant, with a bin card. For 
some of these where you have got limited storage space 
in your main storage building, which is near your stores 
office, it pays you to keep bulk quantities elsewhere, and 
in such cases you do need an indication that you have got 
these bulk quantities elsewhere. As to bin cards as a 
system, Mr Church will see that I favour a “ closed 
system ”’ with quantities and values on cards in a ware- 
house office, within the warehouse itself, or in a building 
adjoining (this simply means with a door opening straight 
into the warehouse). I consider that the despatcher 
should have free access to the cards, even though they 
have got values on them. We have had some accoun- 
tants, but fortunately there are not many left now, who 
maintained that you should not tell your storekeepers 
what the values of your stores are, hat exactly they 
fevred, | do not know, but they wanted to keep values a 
secret, because they had to do with money, and that was 
= of their “ witch doctor complex.’’ Well, now, if you 
lave got those quantity and value cards next to the ware- 
house, in an office, [ do not think that as a system you 
need bin cards, I know that there are some countries 
where you just can not stop their being used because you 
have for instance a man in charge of, say, the electrical 
section who, although you tell him that there are stock 
records, insists on making himself a little bin card and 
hiding it behind the electric cable, or whatever it is. 
Sometimes nothing will stop him from running this 
unofficial record, and you just have to relent and give him 
a box and a little eon and let him keep his bin cards. 
It does not do anybody much harm, but the danger arises 
when he starts fiddling with his bin cards and does not 
count the materials any more, even though he may be 
his remaining stocks on the chits against 
which he has made the issues. He may run into debt, so 
to speak, on his bin card and have to do a fiddle to 
straighten things up, and this constitutes an element: of 
danger. Iam really not in favour of bin cards, except for 
a few types of material for which they may be justified. 


J. H. G. Carlile: I was very interested when reading 
Mr Toye’s excellent paper to note the importance which 
he attaches to giving stores administration staff periods 
of training in the technical departments. I think this is 
important, because it enables them to understand the 
language of technical men and to appreciate their problems 
and requirements. In the same way, should it not be 
desirable for the technical man to have some knowledge 
of the problems of stores administration, to enable him 
to make his requests intelligible and intelligent ? 

Mr ‘Toye referred to graduates entering the materials 
administration side. Can he give us some idea of the 
career value for such men, compared with that for gradu- 
ates of similar calibre entering the technical and techno- 
logical sides ? 


R. C. H. Toye: With regard to his first question —I 
heartily endorse Mr Carlile’s remark that it would pay to 
give technical men some knowledge of stores administra- 


tion. My Company does this in some places when the 
technical men are in training, bringing them into the stores 
fora period. I think one of the managing directors today 
remembers with interest his time in the stores with a 
gentleman, I believe, who also happens to be present 
tonight. They learn something and they do not forget 
it, bee wuse the stores’ personnel see that they do not, and 
take especial pains because they know that it is a chance 
to make a friend of a potential *‘ customer ”’ and of some- 
body who will, as Mr Carlile implied, understand the 
working of the stores administration. 

With regard to the career value as far as graduates are 
concerned there is a very cagey paragraph in my paper 
about this, and I would like to ask Mr Carlile if he has 


read it. I believe I read it to you this evening, because 
I worded it extremely carefully. The choice has got to 
be the graduate’s. Now, let us look at some of my 
Company’s graduates, There is a Classical Honours man 
who was reserve for a national rugby team. He chose to 
go into stores, and I believe he will do very well. There is 
a Geography Honours man from Birmingham University 
who has also chosen to go into the stores. His father was 
a storekeeper, and when I took him on he told me he 
thought materials administration was a job he would like 
to see done better than it has ever been done before, and 
I believe he will do extremely well. Technical graduates 
have not always turned out well, because there is the 
inevitable comparison with the engineer, who has got 
more of a technical flavour in his job. On the other 
hand, the liaison work with the Engineering Department, 
which is necessary in stores work, gives a very good 
opportunity to a technical graduate or to a Higher 
National Certificate man. The specialists whom I have 
mentioned do get that opportunity, whether it is on tool 
service, movables and equipment control, or liaison with 
the technical departments. If Mr Carlile means can I assess 
how a graduate’s position will compare after twenty years, 
or when he is, say, thirty-nine, with what it would have 
been had he taken up some other career, I can only answer 
that we believe, all of us who are working in the same way 
as myself, that, if we go ahead as we have gone ahead for 
the past four years in screening our intake in the way I 
have described here, the materials departments have just 
as good a chance of putting forward candidates as field 
superintendents, administrative superintendents, and 
the like, as any other department, and, of course, these 
are the paths through to the highest positions in any 
Company. I think it fair to say that the graduate 
coming into the stores administration of my Company 
would have a very fair chance of getting on to one of these 
paths. I do not say that he would be the only man who 
would have the chance, because my Company is absolutely 
against the “silver spoon method ”’ of treating a man 
who is a graduate in a different way to others who are 
not. If he turns out to be a bad stores man, as two of 
them have done, the Company says ‘‘ Good-bye ”’ and 
faces the fact that it has lost anything up to two thousand 
pounds. 


The Chairman: I[ would like to make just one or two 
observations before expressing our thanks to Mr Toye. 
There was one question I was going to put to him—it 
concerns his reference to the need for a universal materials 
code in the oil industry, which in his opinion would save 
the industry quite a considerable number of headaches. 
There is already very useful co-operation between the 
oil companies in many fields of standardization and 
related matters. In addition, the B.S.I. is known to 
have national responsibilities for preparing decimal 
codes for scientific and industrial purposes. The air- 
craft industry has prepared its own code. I therefore 
do not see why there should be any difficulty in providing 
what Mr Toye—and I too—consider to be of such great 
value to those responsible for handling and storing 
petroleum materials through the agencies already 
available. 

I now want to express very warm thanks to Mr Toye 
for his really excellent paper. It was obvious from the 
discussion which followed that what he had to say was 
followed by those present with the closest and keenest of 
interest and that it was fully appreciated. I think that 
what everyone liked as much as anything was the exceed- 
ingly able way in which Mr Toye dealt with the questions 
during the discussion. The Institute is most grateful to 
you, Mr Toye, for having presented this paper tonight 
and for the very able and lucid manner in which you 
explained all the points you had to make. 


The vote of thanks was heartily accorded. 
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PRELIMINARY NOTE 


ILLUSTRATION is limited to the hydrocarbons, for 
which a brief orthography is first outlined; in this, 
the authors reserve or do not use certain accepted 
symbols and conventions, and modify the use of one 
or two others. Beyond this, what they propose is 
not a code but a geometrically equivalent form. 
Nomenclature and the numbering of carbon atoms 
are discussed incidentally but not otherwise. 


OPEN-CHAIN HYDROCARBONS 


For these, formulz have long been written linearly ; 
the resulting misnomer “ straight-chain” for these 
compounds is now obsolete or nearly so. As a familiar 
example, the structure of n-butane might be 
written as but the briefer 
CH,°CH,’CH,’CH, is more usual. If butane is 
regarded as |-methylpropane, its structure may be 
written as CH,(CH,)*CH,°CH,; and there are further 
alternatives if the compound is regarded as a sub- 
stituted ethane or methane. International agreement 
has been reached on the structure and name to be 
assigned as standard to saturated open-chain hydro- 
carbons, even if branched, but there are differing 
schools of thought on the nomenclature of those 
which are unsaturated. It follows that before a 
linear formula can be written for an open-chaia 
hydrocarbon, its writer must in general decide which 
part of the structure he proposes to regard as forming 
the main chain of carbon atoms on which to base his 
name for the compound. Whatever choice he may 
make, current notation, as illustrated above and more 
fully below, allows him to write his structure for the 
compound linearly. These formule should preferably 
be written so that when they are read, their main- 
chain carbon atoms are encountered in the order 
adopted in the systematic name chosen for the 
compound. If, for example, the systematic name 
allocated to a compound is 2-methyl-3-ethylpentene-1, 
then its linear formula is better written forwards as 
than backwards as 

The use of Greek letters for numbering side-chain 
carbon atoms is obsolescent; while if the usual 
convention is made that their Arabic numbers begin 
afresh from the carbon atom linked to a main-chain 
atom, it is seldom necessary to use primes or indices. 
As a formal example, no confusion seems likely to 
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SUMMARY 


The plane structural formule usual for molecules may be given a substantially linear form implying any desired 
numbering of their atoms. i 


This linear form has advantages in typing and printing. 


arise from writing 4-isopropylheptane as 4-(1-methyl- 
ethyl)-heptane in place of 4-(1'-methylethyl)-heptane. 
Properly used, current conventions can tacitly imply 
any numbering likely to be desired for all carbon 
atoms in linear formule for open-chain molecules ; 
and this useful feature can be maintained in all linear 
formule. 

As an example constructed for discussion of ortho- 
graphy, the formula 

(1) 
mixes conventions that are quite usual, taken separ- 
ately, with the result that the molecule is not readily 
recognizable as that of a substituted octane. Assum- 
ing that it is desired to make this last point clear, the 
formula may be rewritten as 

(2) 
when its relationship to n-octane 
CH, CH,— CH, 
is at least less obscure. 

It is desirable to keep alternative forms to the 
minimum consistent with clarity and brevity. It is 
common practice to write the methylene group as 
CH, and linkage as in CH,°CH,°CH, is well under- 
stood to be through carbon atoms only. There is 
seldom any real gain in clarity from writing forms 
analogous to H,C°CH,°CH, or CH,-HCH’CH, or 
CH,°H,C-CH,. The forms CH, and CH, are then 
usefully accepted as standard, other forms being 
reserved, by which term is meant that their use is 
better avoided unless they contribute much more 
notably to clarity than in the examples given above. 

Substituent groups, written in parentheses, are 
generally and most usefully arranged on the analogy 
of CH,. If this is accepted, then these groups should 
follow the carbon atom to which they are attached. 
Two similar substituents should be and are most 
frequently written as in C(CH,),. The order given 
to two dissimilar substituents so attached preferably 
follows that given to them in the systematic name 
adopted for the compound. A single substituent 
customarily follows the unsubstituted hydrogen atom 
as in CH(CH,). Other less usual arrangements 
distract the reader's attention, and so are better 
reserved for use when this is intended. 

Clarity and brevity are not always fully reconcil- 
able. In published papers their relative importance 


* MS received 5 August 1953. 


—— 


j 


134 CLAXTON AND KERR: 
is not in doubt, but there are other circumstances in 
which the latter may perhaps be allowed to outrank 
the former. It has been allowed to do so in other 
features of varying importance in formula (1). 

If that compound is regarded as a substituted 
heptane, then its terminal group C(CH,), is correctly 
80 written; but this clashes with the accepted rule 
that a saturated open-chain hydrocarbon should take 
its name from the longest continuous chain of carbon 
atoms that can be found in its molecule. The example 
contains no internal features that might justify its 
acceptance as a heptane; unless a special case for this 
acceptance can be made out, the terminal group in 
question should be written as C(CH,).°CH,. 

It is also not immediately clear whether the sub- 
stituent group (C,H,) is an n-propyl or an isopropyl 
group. At the cost of multiplying special symbols, 
brevity is sometimes secured by writing the n-propyl 
group as Pr, the isopropyl group as iPr, and so on. 
It is not denied that when a complex group appears 
frequently in a text it may be useful to denote it by a 
special symbol, if due explanation is given; apart 
from this, a general rule seems better than special 
symbols. After making certain that these abbrevia- 
tions will not confuse the reader, monovalent n-alkyl 
substituent groups may be written without fully 
indicating their structure. On the analogy of (CH,) 
and (C,H;), both unambiguous, (C,H,), (C,H,), and 
so on may then be written for these groups, and it is 
difficult to reject the usual abbreviation (C,H;) for 
the common phenyl group, since its plane formula is 
inconvenient. It seems better to set out the structure 


of more complex substituent groups in full, on the 
grcund that structural formule are not written except 
to convey structure ; and since some authors evidently 
feel that this last consideration should apply through- 
out, the conventions just suggested should be regarded 


as optional. Accepting them, the substituent group 
(C,H,) is read as propyl or n-propyl; the isopropyl 
group is then written as (CH(CH,)CH,), the square 
brackets indicating that the side-chain is itself 
branched. The modified notation is clearer than 
that in (CH(CH,)°CH,), especially when the structures 
of alkenes or alkynes are so written that the name of 
the compound ends in -ene-] or -yne-1, since this 
tends to complexity in the groups then regarded as 
substituent. 

A single notation should not be used in two distinct 
meanings. The notation (CH,), for CH,°*CH, intro- 
duces this ambiguity, for parentheses already denote 
subs-ituent groups; the two groups in (CHg), are not 
directly linked, while those in (CH,), form consecutive 
links in a chain. The symbol (CH,), may be replaced 
by CH,°CH, with no great loss of brevity, but it is 
less easy to forgo the advantages of the notation for 
molecules containing longer chains of methylene 
groups. Distinction between the competing notations 
is readily made by discarding parentheses in favour of 
braces for the enclosure of methylene chains, when 
for example n-octane may be written briefly as 
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The notation is then convenient in printing, but not 
in typing. Apart from text for the printer, however, 
typescript is mostly used for relatively private 
records and papers, and a little more latitude in 
notation may then be allowable. A rule suitable for 
such records is that a medial, but not a terminal, 
methylene group may be typed as M; the formula for 
n-octane is then even more briefly written as 
CH,°M,°CHsg, but propene is still preferably written as 
CH,:CH-CH, rather than as M‘CH-CH,. Square 
brackets are also inconvenient in typing, but in 
records they may be replaced by an equivalent 
symbol, made say by overtyping hyphens or equality 
signs on the parentheses concerned. 

Written without dots, the formula CH,CH,CH, is 
readily recognizable as that of propane, but the 
familiar dot notation for single bonds, as in 
CH,yCH,CHsg, aids recognition of the higher hydro- 
carbons, especially when these are heavily branched, 
and uniformity in practice then suggests the use of 
dots for lower hydrocarbons also. In view of their 
purpose, the dots used should be moderately bold- 
face, CH,CH,°CH, being printed rather than 
CH,.CH,.CH,. Dots are sometimes spaced off from 
the groups which they connect, as in CH, . CH, . CH, 
but with bold dots this seems hardly necessary. 

Double and triple bonds are indicated most neatly 
by the colon and triple dot, as in propene CH,:-CH-CH, 
and propyne, CHiC-CH,. These symbols are displac- 
ing the equality and identity signs = and = formerly 
familiar and, it is suggested, still useful if reserved to 
emphasize a particular bond or bonds; the hyphen 
may be used similarly for single bonds. None of 
these signs offer any great difficulty in typing, and 
they are all usually obtainable in printing. 

One might expect that if any carbon-to-carbon 
linkage in a compound is indicated by a dot, all such 
bonds would be so indicated. On this basis sub- 
stituent groups such as (CH,) would be written as in 
(‘CH,), but custom so universally omits this dot before 
the leading carbon atom in monovalent substituent 
groups that this practice must be accepted as an 
additional convention. Leading double bonds are, 
however, indicated, as illustrated in CH,°C(°CH,)-CHg, 
though this is better written as CH,:C(CH,)°CHg. 

In writing systematic names in his volumes on 
The Physical Constants of Hydrocarbons, Egloff has 
discarded any hyphens, italics, and parentheses which 
do not contribute to clarity, a practice much to be 
recommended. 


MONOCYCLIC HYDROCARBONS 


When substituent groups are light, the main chain 
is frequently taken as that of the carbon atoms form- 
ing the ring. There is thon no real choice between 
alternative chains, but since numbering may begin 
from any of the ring carbons and be carried either 
clockwise or counterclockwise around the ring, there 
are at least in theory 2m ways of numbering and so 
of naming any cyclo-m-ane. Alternatively, the ring 


i 


itself may be regarded as a cyclic substituent in an 
otherwise open-chain hydrocarbon ; this is most usual 
with heavy open-chain substituent groups or when 
the cyclic substituent is readily named, as in 2-pheny]- 
butane. 

Linear formule are in use for these compounds, 
cyclohexane being sometimes written as 


| 
or as The notation is 


used in Beilstein’s Handbuch, so that its status is 
unquestionable. As compared with the correspond- 
ing plane formula, the notation effects a considerable 
saving in compositor’s hand-work, or alternatively in 
the preparation of blocks from drawings, but the 
hooks at the ends of the lines are still inconvenient 
both in printing and in typing. If the convention is 
accepted that each upper (or lower) line in a linear 
formula represents a single bond between the two 
carbon atoms lying under (or above) its ends, the 
easier symbol CH,°CH,-CH,-CH,-CH,-CH, may be 
used, it being understood that only the two carbon 
atoms mentioned are involved in the bond, and that 
numbering of the main-chain carbon atoms proceeds 
from left to right from that under the left end of the 
upper bond-line, as in 

1 2 3 4 5 
2-methyleyclopentene-1. 

These lines are called “ superior”? and “ inferior 
rules’ by printers; they are called “ upper” and 
* lower bond-lines ” below. Lower bond-lines are not 
needed for monocylic hydrocarbons, but they are used 
later. When abbreviation is desired, cyclohexane 
may be written as CH,-{CH,},CH,, or even as 
CH,°M,’CHg, as described above. 

Omission of the hooks allows straightforward use of 
the underscore in typing. In printing, a “ rule,” or 
thin strip of type-high metal which prints a line, is 
cut or cast to the length needed and “ justified,” or 
fixed in its proper place, by means of “ leads,”’ or 
non-printing metal strips of the same thickness and 
of appropriate lengths. This is a comparatively 
simple process; as an alternative to blocks made 
from drawings, hooks must usually be made up by 
hand from small pieces of rule. Composing machines, 
which cast their own type, can usually cast plain 
lines, but would require to be fitted with special 
matrices before hooked lines could be cast. 

The notation may also be used for cyclic sub- 
stituents, 3-cyclopropylpentene-2 then being written 
as CH,-CH:C(CH-CH,-CH,)-CH,-CH,. As a further 
example, if the compound 


CH, 


CH, CH,-C(CH,):CH, 
Fie 
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is regarded as a substituted cyclopropane, its structure 
may be written linearly as 
CH, 

or if it is regarded as a substituted open-chain 
pentene-1, as The 
view taken of the compound, and the consequent 
numbering of the carbon atoms selected as main- 
chain, are then clearly implied; and linear formule 
often compete in brevity with the systematic names 
for complex compounds. 

Resonant valencies are frequently omitted from 
plane formule for aromatic hydrocarbons, only three 
of the four valencies of each carbon atom then being 
directly accounted for. On this basis the structure of 
benzene may be written as CH-CH-CH-CH-CH-CH ; 
and the o-, m-, and p-xylenes, written as 


C(CH,)-C(CH,)-CH-CH-CH-CH 


and C(CH,)-CH-CH-C(CH,)-CH-CH respectively, are 
then clearly 1,2-, 1,3- and 1,4-dimethylbenzenes. 
If it should be felt necessary to remind the reader 
that the structure is resonant, the bond-line may be 
thickened. Abbreviation, if desired, may be obtained 
as in CH-{CH},-CH, benzene; or in informal type- 
script even as CH-m,CH, if m is written for the 
CH group as M was written for CH,. 

The Kekulé-type canonical forms for benzene may 
be written as CH°CH-CH°CH-CH:°CH and 

CH-CH:CH-CH:CH-CH 

the latter illustrating the notation for a double bond 
between cyclic carbon atoms taken as leading and 
final. Except in special contexts, the notation is 
hardly needed, since current nomenclature tends to 
bring multiple bonds into earlier numerical positions. 


The Dewar-type canonical forms introduce valency 
bridges, dealt with below. 


BICYCLIC HYDROCARBONS 


Strictly, the terms “ bicyclic” and “ endo- 
methylene ’’ are misnomers, but unlike the similar 
misnomer “ straight-chain,” they have no accepted 
alternatives. 


The structure of the bicyclic compound 

Fie 2 


may be regarded as containing cyclohexane and 
cyclobutane rings, or as that of a valency-bridged 
cyclo-octane. If the former view is taken, its structure 
may be written linearly as 


Like some others in this paper, the example is formal 
only; substituent groups have been inserted to 


C(CH,)-CH-C(CH,)-CH-CH-CH 
i 
4 
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identify the continuously linked and S-shaped path 
then taken through the ring carbon atoms in the 
molecule. This continuous path is the cyclic analogue 
of the longest chain in open-chain molecules; there 
are in general four such paths through a_ bi- 
cyclic molecule, inverse in pairs. Without otherwise 
disturbing continuity of path, endomethylene groups 
in the bridge would merely separate the two 
CH groups previously adjacent, and so increase the 
overlap between the ends of the two bond-lines in the 
linear formula. Any bicyclic structure may there- 
fore be written linearly; and if it is possible to find a 
continuous path that includes all ring carbon atoms 
in a polycyclic structure, this also may be written 
linearly. 

The two bond-lines above imply two rings, and in 
general n bond-lines imply n rings. The number of 
carbon atoms in each ring is that lying under or above 
each bond-line. In spiro-compounds, the ends of the 
two bond-lines overlap only one carbon atom, as in 
CH, The two lines just 
fail to overlap in diphenyl and other valency-linked 
rings, while the acyclie chain linkage in such com- 
pounds as dibenzyl is shown by a greater gap between 
their ends. Linear formule in fact present all the 
structural information shown in plane formule, as is 
to be expected from their being merely topological 
transformations of the corresponding plane formule, 
themselves topological only. 

If, however, Fig 2 is regarded as representing a 
cyclo-octane, and if its ring atoms are required to be 
numbered clockwise from the upper CH group of the 
bridge, the corresponding linear formula meeting this 
is 


By an octane ring, upper 
indicates the view taken of the compound ; ,the lower 
bond-line, representing the bridge, completes a hexane 
ring, and by omission of the hexane-ring carbon atoms 
that it bypasses, the butane ring is obtained as in 
CH: -CH-CH,-CH(C,H,). In this, the compound has 
effec tively ein regarded primarily as monocyclic, and 
from among the sixteen ways in which its structure 
might then be written, that has been chosen which 
allows the desired system of numbering to be implicit 
in the formula, read from left to right. 

On similar principles, the structure of naphthalene 
may be written symmetrically as 

CH-CH-CH-CH-C-C-CH-CH-CH-CH 


Systems used for numbering its nn include 


OO 


Fie 3 


To meet the system. of numbering shown in (a), the 
first four CH groups in the linear formula just given 
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are numbered consecutively from left to right, the 
four remaining CH groups being numbered similarly, 
but beginning afresh with primed numbers. A new 
symbol is desirable to meet the type of numbering 
in (6); with this symbol, the structure is written with 
its carbon atoms in their assigned numerical order as 


CH-CH-CH-CH/CH-CH-CH-CH-C-C. The absence of 


any direct bond between the atoms numbered four and 
five might have been indicated by mere omission of a 
dot between them, but the solidus indicates this more 
clearly. The number of rings in a molecule is then 
the number of bond-lines in its formula, less one for 
each solidus in this. 

When the structure in Fig 2 is regarded as combin- 
ing two rings, one system for numbering these begins 
from the lower CH group and continues clockwise 
around the hexane ring; the bridge atoms are then 
retraced without renumbering, serial numbering being 
resumed counterclockwise in the butane ring. The 
implied structure and numbering of the ring carbon 
atoms are then given by 


CH-CH-CH(CH,)-CH, CH, CH, (CH(C,H,)°CH, 


This may be written more simply as 


without the solidus, but it must then be understood 
that numbering is cyclic, beginning at the carbon atom 
under the left end of the upper bond-line, continuing 
to the extreme right, and then returning to the left- 
hand carbon atom to complete serial numbering to 
the right. 

With the solidus, the notation is complete, since it 
is possible to allocate numbers at random to the 
carbon atoms in any molecule, to arrange these in 
numerical order in a linear formula, and yet to 
indicate all linkages correctly. In proof of this, if 
carbon etom numbers were allocated at random as in 


CH,—CH, 


H,—CH, 
4 2 
Fia 4 


the cxpression CH,/CH,-CH,/CH, would give the 


structure correctly, with the carbon atoms arranged 
in the numerical order allocated. If either the 
structure of a polycyclic molecule or the numbering 
desired for its ring atoms prevents these being set 
down in a continuous linkage throughout the molecule, 
use of the solidus still allows the structure to be 
written linearly. 


POLYCYCLIC HYDROCARBONS 


The notation has been shown to be general, and 
the more useful part of the field covered, so that a few 


4 
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further examples will suffice. The structure of tri- 
cyclobutane is then CH-CH-CH-CH. The compound 


apocyclene 
1 


CH 


5 C(CH,), CH, 2 7 


CH: | 


Fie 5 


4 CH 


to which Faraday, in his Encyclopedia of the Hydro- 
carbons, assigns the exact but lengthy systematic name 
tricyclo -5,5-dimethyl- pentane - | ,2,3,4,5-(1,2,3) -pent- 
ane-1 ,2,3,6,7-(3,4)-propane-3,4,6 may written 
linearly as CH-CH,-CH-CH,CH-CH-C(CHs),, when 


cyclic numbering from the left end of the upper bond- 
line gives all the numbering allocated by Faraday. 

The structures of three aromatic hydrocarbons 
show the progress that has been made towards 
standard numbering. The structure of anthracene 
is given by 

anthracene, but the numbering of its carbon atoms, 
inherited from a less systematic past, is then irregu- 
lar. For this, the CH groups are numbered serially 
from left to right, missing the fifth group, which is 
returned to as the tenth. The quaternary carbon 
atoms are then numbered successively as 4a, 10a, 8a, 
and 9a, each taking its number from that allocated to 
the CH group preceding it in the formula. In 


phenanthrene, the CH groups are numbered similarly 
but continuously, the quaternary carbon atoms then 
taking the numbers 4a, 4b, 8a, and 10a. This, how- 
ever, is less regular than it seems, since to secure this 
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standard numbering the standard plane formula must 
be numbered counterclockwise, which is irregular. 
Numbering as described for phenanthrene when 
applied to phenalane 

CH 


is both standard and regular, being that given in 
Patterson and Capell’s The Ring Index, which applies 
the earlier Proposed International Rules for Numbering 
Organic Ring Systems. 

Illustration has been limited to the simpler hydro- 
carbon structures, in which the authors are chiefly 
interested, but the notation is general, in the sense 
that if it is possible to write any structural formula in 
the usual plane form, it may alternatively be written 
linearly. The resonant structure of pyridine is given 
by N-CH-CH-CH-CH-CH, while the formula usual for 
thiophen is S‘CH:CH-CH:CH, each of these implying 
the numbering now usual for their atoms. 

The notation may be applied without difficulty to 
tetranuclear and higher polynuclear aromatic hydro- 
carbons, but these are better excluded, since the 
length of their linear formule becomes inconvenient. 
By limiting the field covered to other hydrocarbons, 
and using as symbols the digits 0 to 9 only, linear 
formule are convertible into either or both of the 
useful forms of numerical code. The longer of these 
forms implies the detailed structure of the molecule, 
and so is necessarily multidigital. The shorter, 
expressed in three digits, offers various alternative 
divisions of the field; any of these may be applied in 
the usual ways to facilitate the search for specific 
hydrocarbons in card indexes, though some are more 
efficient for this purpose than are others. 
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Aw Ordinary General Meeting of the Institute of Petro- 
leum was held at 26 Portland Place, London, W.1, on 
13 January 1954, the Chair being taken by R. B. Southall, 
a vice-president of the Institute. 


The General Secretary read the minutes of the pre- 
vious meeting, which were confirmed and signed as a 
correct record. He then read the list of members elected 
since the previous meeting and made various announce- 


ments. 


introducing the authors of the paper to 
be presented, said ; The subject of tonight's paper is one 
which has been dealt with very timely, and may lead to 
quite an interesting discussion. It is to be introduced 
by Mr Martin of The Shell Petroleum Company, and he 
will be assisted by Mr Bailey. 


INTRODUCTION 


Tue terminology of the products variously described 
as ‘fuel oil’? is somewhat confused, due in some 
measure to the general use of the expression in many 
countries—notably the U.S.A.—to indicate the middle 
distillates used as domestic heating fuels. The ‘ fuel 
oils’ with which this paper mainly deals are of the 
so-called residual type, and, where the context requires 
it to ensure clarity, will be described as “‘ furnace fuel 
oils ’’ even though such use is not by any means their 
only application. 

Commercial furnace fuel oils are made up of or 
contain distillation residues, i.e. long or short residues 
obtained from atmospheric distillation plants, asphal- 
tic bitumen from high vacuum units, and residues 
derived from thermal cracking or viscosity breaking 
processes. The viscosity of the product is generally 
adjusted during manufacture by the incorporation of 
distillate or low viscosity residual components, the 
dilution ratio depending upon the viscosities of the 
components and the end viscosity required. 

Diesel fuels may be entirely distillate in character ! 
or may be composed of blends of selected straight- 
run distillation residues with distillate components. 
In the case of blends the dilution ratios again depend 
(to some extent) upon the viscosities of the compo- 
nents, but, since the end viscosities are in general 
considerably lower than those of furnace fuel oils, the 
dilution ratios are consequently considerably higher. 

Both fuel oils and diesel fuels may be regarded as 
predominantly hydrocarbon systems, but not, un- 
fortunately, as simple systems, and this fact leads to 
immediate theoretical and practical difficulties in 
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Mr Martin can claim quite a long and wide experience 
in this subject, as he has been with The Shell Petroleum 
Company for something like thirty years, and now heads 
the Quality Division of the Fuels and Light Oils Depart- 
ment. He has obviously had a great say in the fixing of 
specifications for fuel oils over a very wide section of 
world petroleum trade, and I am sure that what he has 
to say will be accepted with a fair degree of respect, if 
not with complete agreement. Mr Bailey was em- 
ployed in “ Shell” Refining and Marketing Company’s 
Central Laboratories for a number of years before joining 
Mr Martin in the Fuel Oil Department of The Shell 
Petroleum Company. His latter experiences have been 
mainly in the study of specific physical and chemical 
characteristics of fuel oils and their practical affect on 
utilization problems. He is at present Secretary of the 
IP Fuel Oil Flow Panel. 

The following paper was then presented : 


defining the term “ stability.” Butlin,? for example, 
refers to ‘the ability of a fuel oil to remain in un- 
changed condition despite circumstances which may 
tend to cause change”; Schmidt defines stability 
as the resistance of an oil to break-down, whilst 
Martin * has preferred to define instability rather than 
stability. 

Now a stable system is one in which, under specified 
conditions, changes in internal energy with respect to 
time are zero. Ignoring certain other factors, e.g. 
vapour pressure, which are associated with such 
energy chunges, it is commercially customary to regard 
a fuel oil as stable if, in circumstances of normal 
storage and usage, it does not produce a separate 
solid phase. 

Examination of deposits or sludges from fuel oils 
and diesel fuels shows that they may contain water, 
fibrous matter, inorganic substances, mud, and 
siliceous matter, as well as wax and carbonaceous 
material of variable composition. Van Kerkvoort 
and Nieuwstad 5 distinguish between : 


(i) extraneous matter which may enter the fuel 
during transport or storage; and 

(ii) suspended matter present in the fuel during 
manufacture or which has been formed during 
storage or heating, 


and refer to the substances represented by (i) and (ii) 
above collectively as dry sludge.” 

Now obviously, if the stability of a furnace fuel oil 
or diesel fuel is defined in terms of its resistance to the 
formation of a separate phase, the definition must 
exclude adventitious substances represented by (i) 
above. Also, although wax fulfils the condition of 


w 


constituting a separate phase resulting from an 
internal energy change, it is not customary to regard 
the separation of wax as a manifestation of instability 
but rather as the deposition of a solute from solution. 
In this paper, therefore, the authors propose the 
definition of “* carbonaceous dry sludge ” as non-waxy, 
carbonaceous material which is either present in the 
fuel during manufacture or formed on storage or 
heating or on mixing one fuel with another. The 
stability of a fuel oil or diesel fuel may then be defined 
as the resistance it offers to the formation of dry 
sludge : 
(a) during storage (storage stability); and 
(b) under the application of heat (thermal 
stability). 
Similarly, two furnace fuel oils or diesel fuels are 
compatible if they can be blended together without 
giving rise to the formation of dry sludge. 


PHYSICAL AND CHEMICAL STABILITY 


Reverting to the foregoing definition of the stab- 
ility of a fuel oil or diesel fuel as its resistance to the 
formation, under specified conditions, of a separate 
phase, it is obvious that, when related to diesel 
fuels, it must apply both to the distillate grades and 
to those containing residual components. However, 
this definition does not preclude the possibility that 
more than one type of mechanism may be responsible 
for the formation of the separate phase. In fact, 
whereas fuel oils and non-distillate diesel fuels, 7.e. 
diesel fuels made up of distillation residues and dis- 
tillates, may, with the very few exceptions, be re- 
garded as constituting asphaltene systems, diesel fuels 
which are wholly distillate in character, e.g. gas oils, 
do not in general exhibit the type of instability 
manifested by asphaltene systems. 

As a matter of convenience it becomes necessary to 
distinguish between two mechanisms which can result 
in phase separation in a fuel oil or diesel fuel and 
hence connote instability, viz.— 


(a) instability resulting from an alteration in 
the physical structure of the product ; and 

(b) that following certain chemical changes, 
e.g. oxidation. 


In practice, both types of change may cause in- 
stability in the same diesel fuel or fuel oil, depending 
upon the external conditions; and while this paper 
is concerned primarily with physical instability, the 
general nature of the products which are prone to 
oxidation instability requires brief mention. 

Physical instability is a characteristic of asphaltene 
systems, the changes so described resulting from an 
alteration in the colloidal structure of such systems. 
On this basis, gas oil type distillates can be regarded as 
physically stable. 

Chemical instability, on the other hand, may follow 
as a result of oxidation and polymerization changes 
in the fuel. Hence while straight-run residual fuel 
oils, non-distillate diesel fuels, and straight-run gas 
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oils may be considered for all practical purposes to be 
chemically stable, products originating from cracking 
processes can be expected to exhibit varying degrees of 
chemical instability. Thus thermally cracked gas oil 
and catalytically cracked cycle oil, when fresh from 
the plant, are potentially chemically unstable, while 
thermally cracked residues might be expected to be 
capable of showing both chemical and physical in- 
stability. With such cracked residues, however, 
experience has shown that chemical factors play a 
minor role, 


THE NATURE AND STRUCTURE OF 
ASPHALTENE SYSTEMS 


Furnace fuel oils and non-distillate diesel fuels can 
be regarded as constituting a system of asphaltenes 
in a resinous oily medium, and the idea that such a 
system forms a non-aqueous colloidal solution appears 
to have originated with Nellensteyn and his co- 
workers ®7 studying asphaltic bitumen. The mech- 
anism of the precipitation of asphaltenes from an oil 
medium has since been thoroughly investigated in the 
laboratories of N. V. de Bataafsche Petroleum 
Maatschappij ® and followed up by Eilers® and 
Traxler and Romberg.!® The fruits of this work on 
asphaltic bitumen can be applied in fundamental 
research on the structure of fuel oils,'! and give rise 
to the following conception of a residual fuel oil : 

A residual fuel oil can be described as a colioidal 
system in which the disperse phase consists of micelles 
of asphaltenes and certain maltene fractions, the 
continuous phase being an oily medium formed by the 
rest of the maltenes. 

The terms “ asphaltenes and maltenes”’ here 
derive from the experimental observation that when 
a residual fuel oil is diluted with a hydrocarbon of low 
C-H ratio or a low boiling point ether, it is divided 
into two parts : 


(a) an insoluble part, called by definition, the 
asphaltene fraction, which separates in the form 
of a dark brown or black powder; and 

(b) a soluble part, i.e. the rest of the fuel, 
termed by definition the “ maltene ”’ fraction. 


The sum of the two gives the total fuel oil, the divi- 
sion between the two being a function of the nature of 
the fuel, the precipitating conditions, the nature of the 
diluent, and the dilution ratio up to a maximum. 

It can be shown experimentally that the disperse 
phase of the system is not formed only of asphaltenes, 
but by a complex consisting of the asphaltenes and 
part of the maltenes (the most aromatic components 
of high molecular weight). This complex will be 
referred to as a “ micelle.’ Hence in regarding a 
furnace fuel oil or asphaltene (residual) containing 
diesel fuel as a colloidal system it is necessary to 
distinguish between the disperse phase (consisting 
of the micelles) and the continuous or intermicellar 
phase (consisting of those maltenes which are not 
associated with the micelles). 

The distinction between the micelle and the con- 


i 


140 


tinuous phase is not so sharp as the foregoing defini- 
tion might imply. It is believed that the asphaltenes 
adsorb high molecular weight aromatic components 
from the maltene fraction until, at some equilibrium 
condition, their adsorption capacity is satisfied and a 
stable micelle results, i.e. the micelle is in adsorption 
equilibrium with the intermicellar phase. It follows 
that the micelles cannot be separated in a pure state, 
because every effort aiming at such separation would 
tend to disturb the adsorption equilibrium. Only in 
the case of a gelled bitumen (a gel being a more or less 
rigid system which is partly flocculated and therefore 
a transition between complete peptization and com- 
plete precipitation) can a true separation between 
dispersed and continuous phase be approached. In 
that case, it is found that the continuous phase is 
less aromatic in character and less in quantity than 
the total of the maltenes removable by an aliphatic 
diluent. In addition, the size of the micelles depends 
upon the nature of the asphaltenes and upon the 
degree of adsorption, which in turn is influenced by 
temperature. 

From experimental evidence to date, it may be 
assumed that in a stable fuel oil the adsorption capacity 
of all the asphaltenes is sufficiently satisfied to ensure 
complete peptization of the micelles, and if the 
adsorption equilibrium between the micelles and the 
intermicellar phase is shifted, precipitation of part of 
the asphaltenes may result. This can be achieved 


by the action of heat or by the addition of a diluent 
of low C-H ratio, or both. For example, with 
increasing temperatures the adsorption equilibrium 


between the micelles and the intermicellar phase is 
shifted, with the result that a portion of the adsorbed 
constituents of the micelles passes into the inter- 
micellar phase. Part of the asphaltenes may then be 
precipitated. Again, if at constant temperature the 
fuel is treated with a diluent in which the inter- 
micellar phase and adsorbed constituents of the 
micelles (but not the asphaltenes) are soluble, the 
equilibrium is shifted in the direction of the liquid 
phase in such a way that more components of the 
micelles are solvated in the liquid phase. The extent 
to which this may happen depends upon the diluent— 
fuel ratio, the solvent power of the diluent, and to a 
lesser extent, temperature. In any event, there usu- 
ally comes a point when sufficient of the adsorbed 
constituents of the micelles have been removed for 
deposition of the least stable asphaltenes to occur. 

Finally, should the fuel for any reason be heated 
to cracking temperatures, fresh asphaltenes may be 
formed, and the character of the maltenes changed, 
with a resulting shift in the adsorption equilibrium of 
the system. 


STRAIGHT-RUN AND CRACKED RESIDUES 


Manufacturing experience demonstrates that very 
real differences may exist between straight-run and 
thermally cracked residues in respect of their ability 
to form stable blends with other residues or with a 
variety of distillate components. 
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In general, straight-run residues may be considered 
as colloidally stable systems, capable of a significant 
degree of dilution with normal distillate blending 
components, to a large extent irrespective of the 
chemical character of the diluent. 

The colloidal stability of thermally cracked residues, 
however, depends largely on the degree of cracking, 
and it may be shown that this difference in colloidal 
stability is a direct consequence of differences in 
chemical character. 

The subject has been extensively studied by Hill- 
man and Barnett,!? who found the mean molecular 
weight of cracked bitumen to be lower than that of the 
corresponding straight-run product, the oil medium be- 
ing more aromatic in nature than that of the straight- 
run material. On the basis of rheological observa- 
tion they concluded that the asphaltenes present in 
the cracked bitumen were better peptized than in the 
original straight-run material. 

The characteristics of cracked residues are deter- 
mined by the degree or level of cracking and by the 
properties of the feedstock. As the degree of crack- 
ing of a given feedstock is increased, the asphaltenes 
contain proportionately less hydrogen and are there- 
fore less soluble. Although this is counteracted to 
some extent by the increasing aromaticity of the oil 
medium, any overcracking will so increase the C-H 
ratio of the asphaltenes that dry sludge may be formed. 


THERMAL STABILITY 


It has been shown how the inherent stability of an 
asphaltene system is bound up with the aromaticity 
of the continuous phase; the extent to which this 
proposition governs the thermal stability of a fuel oil 
or diesel fuel can now be examined. 

According to previous theory, an elevation in 
temperature is likely to result in a shift in the adsorp- 
tion equilibrium between the micelles and the inter- 
micellar phase in the direction of the latter. In a 
thermally stable fuel, the continuous or intermicellar 
phase must possess a degree of aromaticity in excess 
of that required to maintain a fully peptized asphal- 
tene micelle at ordinary temperatures, and the 
stability of the resulting system towards conditions of 
elevated temperature will depend upon the extent of 
what may be called the “ aromatic reserve’ of the 
continuous phase. The function of this ‘‘ aromatic 
reserve ”’ is to correct any tendency of the maltenes 
associated with the asphaltene micelle to pass into 
the continuous phase. An analogy may be drawn 
here between the action of this aromatic reserve in 
the face of increasing temperature and the action of a 
buffer solution in stabilizing pH. 


COMPATIBILITY 


It is perhaps not sufficiently widely appreciated that 
two fuel oils or diesel fuels may each be satisfactorily 
stable by themselves but give rise to dry sludge, i.e. 
exhibit incompatibility, when mixed. The essential 
fact here is that whereas the continuous phases are 
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miscible, the two systems are not. In general, it 
may be assumed that the disperse phases of the two 
asphaltene systems, i.e. of the fuel oils or diesel fuels 
involved, are unique, and hence require different 
pepitizing powers (or peptizing capacities) from their 
respective continuous phases. Now suppose one of 
the fuels concerned has a system of asphaltene micelles 
requiring a certain peptizing power from the oily 
medium, i.e. the continuous or intermicellar phase 
and that this condition is satisfied, i.e. the fuel is 
stable. The micelle system of the second fuel will 
also require a certain peptizing capacity from its oily 
medium, so let this peptizing capacity be less in 
magnitude than that for the first fuel. On mixing, 
the two continuous phases blend, and the peptizing 
power of the blended continuous phase will now have 
a value somewhere between those of the individual 
continuous phases. If this new peptizing power is 
less than the minimum required to keep the micelle 
system of the first fuel fully dispersed, then precipita- 
tion of part of the asphaltenes from the first fuel will 
occur, i.e. the fuels, although separately stable, will 
be incompatible when mixed. 

It is shown in a later section that there is evidence 
for believing that in mixtures of residues, the charac- 
teristic for the peptizing power (or “ dissolving ” 
power) of the oily medium and that for the peptiza- 
bility (or “ solubility ’’) of the asphaltenes are nearly 
additive. For the moment it should be noted that an 
essential condition to be fulfilled if two or more fuel 
oils or diesel fuels are to be compatible is that the 
combined phases should possess sufficient ‘‘ aromatic 
reserve,” i.e. peptizing power, to keep fully dispersed 
the more intractable micelle system involved. From 
evidence to date, this would appear to be a necessary 
condition : it yet remains to be demonstrated by 
later research that it is also a sufficient condition. 


MANUFACTURING CONSIDERATIONS 


The problems facing the refinery in the manufacture 
of diesel fuels and furnace fuel oils which will remain 
stable under normal usage conditions may be sum- 
marized as the production of : 


(i) residues containing peptized asphaltenes 
only, hence free from carbonaceous dry sludge and 
having sufficient aromatic reserve ; 

(ii) distillates with a sufficient degree of oxida- 
tion stability and peptizing power for asphaltenes. 

It then follows that with a proper understanding of 
the underlying principles (particularly the importance 
of dilution ratio and order of blending) and suitable 
choice of. components, the refinery can achieve the 
production of blends of distillates with residues which 
will not produce dry sludge : 


(a) under normal storage conditions, including 
storage at temperatures likely to be encountered 
in common usage; or 

(b) when blended with other distillates and 
residues. 


Straight-run gas oils are physically stable, and 
normally exhibit a sufficient oxidation stability. Their 
value as cutter stock is then in direct proportion to 
their peptizing power, paraffinous gas oils being the 
least suitable, aromatic gas oils the most. 

As previously mentioned, straight-run residues are 
colloidally stable systems, and provided they have 
not been subjected to local overheating, 1.e. local 
cracking, during manufacture, normally do not provide 
stability difficulties as such. 

The manufacture of thermally cracked residues, and 
thermally and catalytically cracked distillates, how- 
ever, at once raises special problems. 

The production of thermally cracked residues calls 
for a close control over the degree of cracking in order 
that the residues may contain peptized asphaltenes 
only. The residue so produced will tolerate dilution 
with a distillate or other material to an extent depend- 
ing upon the condition of the asphaltene micelle of 
the residue and the peptizing power of the diluent. 

With thermally and catalytically cracked distillates, 
the emphasis is primarily on oxidation stability, i.e. 
on chemical stability. Both are generally more 
reactive towards atmospheric oxygen than their 
straight-run counterparts, and this may result in the 
formation of compounds which, while normally soluble, 
may tend to precipitate if the distillate concerned is 
of low solvent power.’ Such distillate thus has 
a double job to do: first, to dissolve oxidation 
bodies originating from the cracked distillate itself, 
and, secondly, to ensure that the asphaltene micelles 
of any residue with which it may subsequently be 
blended are adequately peptized and remain so under 
conditions which tend to promote the formation of dry 
sludge. 

However, the production of satisfactory stable 
diesel fuels and fuel oils depends not only on the 
characteristics of the individual components but also 
on the manner in which they are blended. These facts 
have been realized qualitatively for a long time, and 
account for the production of satisfactorily stable 
fuel oils and diesel fuels in the past. The import- 
ance of proper care in the blending of thermally 
cracked residues, for example, has been stressed by 
Batchelder,'* Voskuil and Robu,'® from experimental 
studies with cracked residues and a variety of dis- 
tillates. Batchelder in particular brought out very 
clearly the importance of “ aromatic cutter stock ”’ in 

stabilizing thermally cracked residues. An example 
of this is found in the stabilization of a particularly 
over-cracked fuel oil some years ago by the use of the 
bottom fraction resulting from re-distillation of the 
aromatic extract derived from the Edeleanu treatment 
of a low smoke point kerosine. A second important 
point noticed by these early workers concerns the 
order of a blending operation where cracked residues 
are concerned and the influence of temperature on the 
blending operation. 

The order in which a series of distillates and residues 
are blended may frequently decide whether the blend 
contains dry sludge or not, and the principle to be 


i 
: 


142 


observed is that the distillate should be added gradu- 
ally to the residue, and not vice versa. In this 
manner, the asphaltene system of the residue is 
extended gradually, for it must be remembered that 
an adsorption equilibrium is involved, which means 
that a finite time must be allowed for the asphaltene 
micelle to accustom itself to its new surroundings. 
Should the residue be added quickly to the distillate, 
then local asphaltene micelles may find themselves 
surrounded by a continuous phase of insufficient C-H 
ratio to maintain their dispersion (even though the 
distillate, if properly added, may be compatible with 
the residue). On the other hand, if the distillate is 
added gradually to the residue, particular micelles are 
not surrounded by a sudden local excess of distillate 
of C-H ratio considerably lower than that of the 
adsorbed maltenes, and a stable blend will result. 

The effect of temperature is two-fold. First, 
there is the higher kinetic energy associated with an 
elevated temperature, which assists in obtaining homo- 
geneity, and, secondly, the solvent or peptizing power 
of the distillate tends to increase at the higher tem- 
peratures. Of course, the blending temperatures 
must not be so high as to upset the asphaltene 
maltene equilibrium in the direction of the continuous 
phase. Nevertheless, it must be admitted that the 
mechanism of the effect of temperature is still not 
fully understood. 


PRACTICAL CONSIDERATIONS 


It is mentioned earlier in this paper that sludges 
found in practice are usually complex mixtures of 
solid organic matter derived from the fuel, together 
with varying amounts of inorganic substances, such 
as sand, rust, siliceous matter, and inorganic salts; 
fibrous material emanating (usually) from packing or 
jointing material; wax, water, and oil. The water 
may be present, in a finely divided but still relatively 
free state or as a true emulsion. It therefore follows 
that the presence of a significant deposit of ‘ sludge ” 
in a user’s tank does not necessarily mean that 
unstable or incompatible fuels have been supplied— 
in fact, a waxy fuel oil which has been badly con- 
taminated with water and with the materials revealed 
by the usual sediment-by-extraction test, may, under 
appropriate conditions, lead the user to suspect quite 
wrongly that an unstable fuel has been supplied. 

Even though it is a necessary condition that dry 
sludge should be present in cases of instability and 
incompatibility, a further qualification is required, for 
the dry sludge may actually be coke-like particles 
caused, perhaps, by some conditions of local over- 
heating in the plant and not by flocculated asphaltenes 
produced by the changes in the structure of the fuel 
discussed above. 

Obviously a fuel oil containing imperfectly sus- 
pended coke-like particles is liable to deposit such par- 
ticles upon dilution or heating, and yet the deposit 
so obtained is not indicative of a progressive or funda- 
mental alteration in the structure of the fuel, and 
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hence would not denote instability or incompati- 
bility. 

Dry sludge, as defined in this paper, is rarely found 
as such in sludges recovered from tank bottoms and 
pipelines, and since the fuel frequently contains 
suspended traces of water, it is necessary to assume 
that, in the case of unstable or incompatible fuels 
under normal conditions, the nature of the sludge 
changes very quickly after its moment of formation, 
so that when it is finally deposited on the floor of the 
tank it may have the complicated composition re- 
ferred to earlier. It follows that if a very slightly 
unstable fuel is given reasonable care in usage and 
handling, the effects of such slight instability will pass 
unnoticed by the consumer. Conversely, instability 
may be considerably aggravated or emphasized by 
other factors which may be summarized as constitut- 
ing ill-usage or contamination with water. Such 
contamination is liable in marine practice, and arises 
from water ballasting operations, as a result of which 
the fuel may be contaminated to a considerable extent 
with sea water containing river or harbour mud or 
other finely divided material from the sea bottom. 
Such finely divided material may act as a stabilizer 
for water-in-oil emulsions, and there is evidence that 
the condition of the disperse phase of asphaltene 
systems may determine demulsibility characteristics, 
as well as govern the stability of the fuel.!® In other 
words, the stable fuel oil or diesel fuel is likely to 
exhibit a high degree of resistance to the formation 
of stable emulsions, but one which is slightly unstable, 
i.e. in which the asphaltene micelles are in a poor 
state of peptization, is likely to exhibit a tendency 
towards emulsification. 

The current practice of centrifuging a fuel oil 
prior to its use in marine diesel engines '7 may raise 
suspicions concerning the stability of the fuel when 
difficulties are experienced arising from rapid filling 
up of the centrifuge bowls. Since such a fuel gives 
no difficulties when consumed in the conventional 
manner, i.e. as furnace fuel oil, the suspicion immedi- 
ately arises that the centrifuge itself may be a factor 
forcing partial breakdown of the fuel. Two points 
need to be borne in mind here. First, the con- 
ditions in the centrifuge bow] may favour emulsifica- 
tion of the fuel, and hence even though the fuel may 
be perfectly stable, large centrifuge deposits which 
are really emulsions may be obtained. Secondly, the 
fuel may contain imperfectly suspended carbonaceous 
material, e.g. minute coke-like particles which would 
take a long time to separate from the fuel under 
conditions of normal storage, but which will be 
rapidly brought down by the centrifuge. Here it 
should be remembered that commercial centrifuges, 
such as are used aboard ship, may subject such 
particles in the fuel to accelerations up to 15,000 g; 
by comparison a normal laboratory centrifuge may 
only reach a value of the order of 3000 g. It is 
believed that accelerations of the order of 50,000 g are 
required before some of the larger particles in aqueous 
colloidal systems can be pulled out of dispersion, and 
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it seems reasonable to assume that similar accelera- 
tions would be required before even those asphaltenes 
which are only just peptized could be pulled out of 
dispersion from fuel oils. In other words, at the 
moment the authors do not believe that centrifuging 
a fuel is likely to impair its stability, but because of 
the high efficiency of modern industrial centrifuges, 
relatively large quantities of particulate material, 
which would be unnoticed by the consumer when 
using the fuel in a conventional manner, may be 
obtained. 


USE OF ADDITIVES 


It may be wondered why among the precautionary 
measures which have been advocated, the authors do 
not include any mention of additives as a means of 
countering instability in furnace fuel oils. 

As previously stated, true cases of instability and 
incompatibility are rare with present-day furnace fuels 
and diesel fuels. Such few cases as are encountered 
are most likely due to the occasional human or 
instrumental error. Nor must those cases associated 
with the tolerance and interpretation of existing test 
methods be excluded. 

When difficulties are experienced it is perhaps 
understandable that an oil fuel user will, in addition 
to (or, perhaps, instead of) exercising the precautions 
outlined above, be tempted to compensate for a real 
or supposed case of instability or incompatibility 
by using one of the so-called “ fuel oil treatments ” 
or additives which are available on the market in very 
large numbers. 

The claims made for these materials range from 
fairly sober and limited statements to claims which are 
so fantastic that they can be dismissed as not warrant- 
ing serious scientific or commercial consideration,‘ 
but basically there appear to be four distinct functions 
which such materials purport to achieve, viz. : 


(i) the resolution or dispersion of sludge ; 
(ii) the separation of emulsified water ; 
(iii) the emulsification of water; and 
(iv) the provision of materials which specifically 
and directly aid the combustion process. 

In addition, subsidiary claims often follow, and may 
mask the true purpose of the material as outlined 
above. It is the present intention to discuss these 
materials only in so far as they have a direct or 
indirect bearing on stability and compatibility 
problems. For this reason claim (iv) is not discussed, 
and though (ii) and (iii) warrant some examination, 
it is claim (i) ‘‘ the resolution or dispersion of sludge ” 
which really concerns this paper. 

Despite continued interest in the use of additives, 
the literature does not appear to give any real guide 
to the user, neither does it assist our present purposes, 
although Schmidt * and Gamlen !® have discussed the 
classification of sludges which occur in practice. 
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Examination of a large number of proprietary 
additives over the years has led the authors to the 
conclusion that very generally, proprietary additives 
concerned with claims (i), (ii), and (iii) above fall into 
two broad classes : 

(a) the aromatic or solvent type; and 

(b) the type which may be supposed to function 
by altering the conditions at the interface between 
the sludge particle and the oil medium. 


The actual additive may be compounded from 
materials representing both of these classes, as well as 
from substances the functional value of which is not 
always clear, and in such cases the claims made for the 
additive may be complex. 

It seems reasonable from what has been said earlier 
that materials conforming with classifications (a) or 
(b) above can alter the equilibrium conditions existing 
between the disperse and continuous phases of a fuel 
oil, and hence influence its stability. Further, should 
dry sludge be present, they might reasonably be 
expected to assist in its dispersion or solution. 

The complicating effect of water has been mentioned 
above, and hence it might be expected that benefit 
could be derived from an effective demulsifier. The 
converse, an emulsifier, is likely to aggravate the 
tendency towards wet sludge formation in addition to 
the secondary effect of allowing water to reach the 
furnace with the fuel, thus inviting damage to the 
furnace refractories.'® 

Despite the good cases which can be advanced for 
the use of selected materials, functional examination 
of many of the proprietary additives of past and 
present years has been disappointing. This is difficult 
to understand, because any material which without 
introducing undesirable side effects contributes to the 
“aromatic reserve” of the continuous phase should 
in theory assist in the peptization of the asphaltene 
micelle. One reason may be the very low concen- 
trations (usually of the order of 0-05 per cent by 
volume) which are the recommended dosage for the 
typical aromatic-type additive. On account of the 
high cost of such proprietary materials, such concen- 
trations appear attractive, but it is conceivable that 
they fail because the quantity of aromatic material 
thus added is insufficient to affect the adsorption 
equilibrium. The much higher concentrations which 
might achieve the desired result have the dual dis- 
advantage of greatly increasing the cost of the 
operation * and of risking possible side effects such 
as—to take one possible case—the deposition of 
polynuclear aromatics at low temperatures. 

It may be of interest here to indicate the kind of 
approach which has been made '® in an endeavour to 
assess the behaviour of the materials under considera- 
tion. 

One proprietary material included among its claims : 

(a) the solution or resolution of sludge; and 
(b) the demulsification of water. 


* The addition of only 1 per cent of a material costing $1 per U.S.G. (say 8s. 6d. per 1.G.) would raise the cost of bunker 
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A sample of this material was thoroughly shaken 
with water and stored for some time, after which the 
liquid separated almost quantitatively in two layers. 
The interfacial tension against water of a commercial 
straight-run gas oil was reduced by this additive from 
about 39 to 32 dynes per centimetre at a concentration 
of 0-5 per cent by volume in the gas oil. The recom- 
mended dosage for the additive was 0-05 per cent by 
volume and this result indicates a low activity against 
the oil-water interface even at ten times the recom- 
mended strength. 

An attempt was made to see whether the material 
would peptize dry sludge. To this end a non-commer- 
cial test fuel consisting of 15 per cent wt of a selected 
straight-run residue and 85 per cent wt of a gas oil 
(itself a blend of straight-run and cracked distillates) 
was aged at 100° C to a dry sludge content of 0-7 per 
cent wt as measured by the Shell Hot Filtration Test 
(SHFT).® Once again, 0-5 per cent by volume of the 
additive was then introduced into a portion of this 
fuel, the untreated portion serving as a blank. After 
storage for two weeks there was no difference in the 
dry sludge content of either the blank or the treated 
sample, as determined by the SHFT. This experi- 
ment was repeated on the same fuel but substituting 
a laboratory centrifuge test for the SHFT with the 
same result. 

To ascertain whether the additive would prevent 
the formation of dry sludge, a test fuel consisting of 
a cracked distillate with a known high filter-clogging 
tendency and a known gum content was prepared. 
In this case the recommended quantity of 0-05 per 
cent wt of the additive was incorporated in the fuel, 
which was then subjected to an ageing and to a filter- 
clogging procedure, and its gum content determined. 
Within the limits of experimental error of the pro- 
cedures adopted, there was no difference in behaviour 
between the treated and untreated distillate. A 

*sludge-forming fuel deliberately made up of 10 per 
cent wt of a cracked residue, 5 per cent wt of a straight- 
run residue, and 85 per cent wt of a straight-run gas 
oil was treated with 0-5 per cent wt of the additive 
and stored for various times up to two months. No 
difference was found in the sludge content of the 
treated and untreated blend according to the SHFT. 
In a variation of this experiment the material was 
added to the cracked residue, which was then used to 
prepare a second fuel of the same composition. Again 
after storage up to two months no difference in sludge 
content was observed. 

The effect of the additive on the flocculation ratio ™ 
of a residue was also investigated. The material was 
added at concentrations of 0-05, 0-5, and 1-0 per cent 
by volume to a fuel showing a flocculation ratio of 
about 60 and the FR of the fuel re-determined at each 
additive concentration. There was no change in 
flocculation ratio, indicating that the additive had 
not altered the adsorption equilibrium between the 
asphaltene micelle and the continuous phase. 

Finally, the demulsifying and anti-emulsifying action 
of the material was examined. The ‘ dope” was 


MARTIN AND BAILEY: THE STABILITY AND COMPATIBILITY 


added in concentrations ranging from 0-05 to 0-5 per 
cent by volume to a number of emulsions of a marine 
diesel fuel and also of a furnace oil of viscosity 1500 
sec. Red. I at 100° F, but no demulsification promot- 
ing effect was observed. Simularly, when the 
material was added to each of these fuels, and the 
fuels separately emulsified with sea water, use of the 
same concentrations of the additive did not indicate 
that it possessed any positive anti-emulsifying action. 

An attempt has been made to show that there is 
no prima facie reason why the user in appropriate 
circumstances might not attempt to overcome an 
apparent case of instability or incompatibility by 
means of an additive. Results of the kind just 
described, which in the experience of the authors are 
typical of many currently marketed proprietary 
additives, indicate that many such materials fail to 
respond when examined by control techniques 
similar to those which are adopted in the laboratories 
of the petroleum industry to ensure the production of 
high quality fuels. 


ASSESSMENT AND CONTROL 


The IP and ASTM Standards reveal that several 
hundred test methods are available for assessing and 
controlling the quality of the products manufactured 
by the petroleum industry. For any given product, 
certain of these methods are incorporated appro- 
priately in manufacturing specifications, the associa- 
tion of a particular test with a particular character- 
istic required of the product being the result of years 
of practical justification. For some products, many 
tests are required in order to give a satisfactory 
guarantee of the “ quality ” of the product, i.e. of its 
suitability for the use intended; with other products 
relatively few tests are required. Yet, in this impos- 
ing array of tests sponsored by the major standardiza- 
tion bodies and despite the many descriptions in the 
literature of tests for stability and compatibility of 
fuel oils, such stability test methods are virtually 
absent. 

A clue to this state of affairs is given in the report 
of the Fuel Oil Stability Panel of the Institute of 
Petroleum for 1951.?° 


“ The frank position is that there is no generally 
accepted stability test. Many tests have been 
suggested and all fuel laboratories have tests 
which suffice as expedients for local control.” 


Instability and incompatibility problems with 
diesel fuels and fuel oils do not appear to have existed 
to any real degree before the introduction of thermal 
cracking. Early cracking operations were undoubt- 
edly conducted at too high a level, and the sludg- 
ing which resulted upon dilution of the residues 
so produced was often merely attributed to the 
presence of ‘ free carbon ” resulting from the crack- 
ing. Insome such fashion some doubt arose regarding 
cracking operations in the mind of the average oil 
fuel user, a prejudice which came alive again with the 
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advent of catalytic cracking in 1936, and which still 
exists to some extent today. 

During this time the problem of instability was 
under intense investigation, and many testing 
procedures evolved, but the approach to the problem 
of finding ways and means of guaranteeing the pro- 
duction of stable fuel oils and diesel fuels was essen- 
tially empirical in nature, and hampered by a lack of 
fundamental knowledge of the structure of asphaltene 
residues and of the variety of distillates produced. 
It was quickly discovered, for example, that to blend 
a thermally cracked residue with a highly paraffinous 
straight-run gas oil was to invite trouble, but that 
such residues, provided they were not the result of too 
deep cracking, could be blended with a variety of other 
distillates, notably the highly aromatic cracked cycle 
oils, with satisfactory results. In this fashion, a vast 
amount of empirical “ know-how ”’ was built up, side 
by side with the development of numerous testing 
procedures, many of which were applicable only to the 
fuels on which they were developed.* 

However, the quantitative approach was lacking, 
and fuel oil blending remained more of an art than a 
science; it was usually possible to prepare a stable 
fuel oil or diesel fuel, but the safety margins allowed 
were, and to some extent still are, greatly in excess of 
the margins which would be considered reasonable in 
many other manufactured products, simply through 
lack of a sound quantitative approach. 

As indicated earlier, greater understanding now 
exists concerning the fundamental structure of fuel 
oils and diesel fuels, and there is every reason for 
believing that reliable and economic means will soon 
be available for assessing stability which will enable 
the refinery to take the initiative and predict the 
stability of a blend from certain properties of its 
components. 

In a previous classification stability testing 
procedures were grouped under “ storage” and 
“ heater ” stability, the former covering filter clogging 
tests, insolubility and sedimentation tests, and also 
heater tests, the last-mentioned being additionally 
used to assess ‘‘ heater-”’ stability. 

To these may be added certain diluent techniques 
(some of which are included in “ insolubility and 
sedimentation tests’’) which may be classified as 
compatibility tests. 

All of these tests have been adequately described 
over the years,?!;4 and a new classification is now 
proposed based on whether the technique is designed : 


(a) to compare by observations of an arbitrary 
nature the stability or compatibility of fuels 
(often after an “ ageing ”’ procedure); and 

(b) to deduce the stability or compatibility of the 
fuel from a study of the colloidal state of the 
asphaltene system. 


Although this paper is concerned primarily with 
procedures from the second of these groups, some 
comment on the more conventional procedures is first 
necessary. 
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Empirical test procedures fall into either, or some- 
times both, of two groups : 


(i) Those which attempt to simulate service 
conditions. 

(ii) Those which, as it were, involve a change of 
variable in order to attempt to measure a specified 
property in terms of some secondary or even 
indirectly related characteristics. (For example, 
in investigating the mobility of a fuel oil it is 
frequently necessary to resort to the highly 
empirical pour point procedure ; again in attempt- 
ing to assess the safety of fuels in storage reliance 
is placed on some arbitrary flash point procedure, 
and in neither of these two cases does the test get 
to the root of the matter.) 


The objections which may be raised against em- 
pirical procedures are either, as in the case of (i), that 
the service conditions are not adequately simulated 
or, in the case of (ii), that after long usage there is 
a natural tendency to regard the quantity actually 
measured as representing the singularity itself. This 
then gives rise to errors of interpretation and lengthy 
investigations into the tolerance of the procedure 
adopted which may take us farther and farther away 
from the real problem. 

Most of the stability and compatibility tests which 
have been proposed suffer from both disadvantages 
simultaneously. For example, the NBTL heater test : 


(a) attempts to simulate service conditions ; 

(b) introduces the uncertainties of artificial 
ageing ; 

(c) relies further on a visual qualitative assess- 
ment of the effects produced by (a) and (4). 


The same analysis can be made in the majority of 
stability and compatibility tests which are to be 
found in the literature, and this situation has been 
adequately summarized by Moerbeek in winding up 
the stability and compatibility discussion of the Third 
World Petroleum Congress. 


“There is at present no thoroughly satis- 
factory and universally applicable means of 
assessing either storage or heat stability. This, 
however, is not so unsatisfactory to the user as it 
looks at first sight. The refineries have adapted 
locally the available testing methods to their raw 
materials and manufacturing processes and 
produced stable and compatible fuels. Owing 
to the large error of determination of the tests, 
however, they have had to accept an appreciable 
safety margin when cracking, to avoid over- 
cracking.” 


It is obvious that this state of affairs is untenable 
in the long run because : 


(i) it assumes that with an increasing world 
demand for petroleum products of all descrip- 
tions, refineries can continue to operate at 
uneconomic safety margins in respect of a major 
product ; 
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(ii) it is fundamentally unsound to operate at 
safety margins, the magnitude of which is un- 
known, for this in particular is liable to result 
in the occasional production of unstable or in- 
compatible fuels; and 

(iii) there is in any case a demonstrated need 
for a technique by means of which the stability 
and compatibility of any fuel, irrespective of 
origin or mode of manufacture, can be assessed 
and predicted. 


In the opinion of the authors it is therefore necessary 
to: 


(i) continue with the development of methods 
designed to establish the stability of commercial 
furnace fuel oils ; 

(ii) develop methods of characterizing the 
residues and distillates in such a way that com- 
patibility can be predicted ; and 

(iii) obtain some fundamental knowledge of the 
factors governing stability. 


It may be of interest to indicate the way in which 
these problems are being approached by the organiza- 
tion with which the authors are associated. 

It has been stated earlier that the formation of a 
separate phase in fuel oils may be due to such factors 
as 

(i) the presence of carbonaceous particles 
insoluble in aromatic solvents ; 

(ii) the precipitation of oxidation products ; 
and 

(iii) the precipitation of asphaltenes, 


The presence of carbonaceous particles which are 
insoluble in an aromatic solvent such as benzene is 
normally due to severe refinery processing of the resi- 
due, although small amounts of inorganic material 
may also be present. This type of heterogeneity 
is therefore found almost entirely in fuels containing 
thermally cracked residues which have been subjected 
to such a degree of thermal treatment as to cause the 
formation of coke-like particles. These particles may 
settle during storage, and to some small extent are 
probably always present in normal furnace fuel oils, 
arising perhaps from conditions of local overheating 
in the plant, but their presence does not necessarily 
represent a progressive decline of stability with time 
or under the heating conditions normally encountered 
in usage. They appear to account for the “ tank 
bottoms ”’ in normal storage of “ stable ” fuels. 

Oxidation, on the other hand, is a degradation 
process, and it is well known that many of the com- 
ponents of heavy residues are very sensitive to the 
action of atmospheric oxygen. On oxidation, pro- 
ducts may be formed which are insoluble in the 
distillate or other stock with which the residue is 
blended, and hence may be precipitated as sludge. 

Precipitation of asphaltenes, however, which has 
been dealt with in detail earlier, is undoubtedly the 
greatest cause of fuel oil instability, and it has been 
shown that to overcome this type of instability it is 


necessary to arrange that, after blending, the con- 
tinuous phase is sufficiently aromatic to retain all the 
asphaltenes in “ solution” during any reasonable 
storage period, and during any reasonable preheating 
prior to combustion of the fuel. From a manufactur- 
ing point of view this does not necessarily mean that 
true colloidal dispersion need exist at all times, since 
precipitation and agglomeration of the asphaltenes 
and the consequent settling of the particles must be a 
relatively slow process, depending upon the viscosity 
of the fuel, and, within reason, the effect of small 
amounts of such particles on the combustion process 
is negligible. 
However, it is obviously desirable : 


(i) to be able to determine accurately the total 
amount of imperfectly suspended material of 
whatever kind may be present in a given fuel at 
any time; and 

(ii) to have some means of distinguishing 
between the three types of particle described 
above. 


The determination of imperfectly suspended mater- 
ial will find its greatest use in refinery control work, 
while the differentiation of particle types will be more 
important in research work. 

The Shell Hot Filtration Test has been described ° as 
providing a method of effecting a very sharp separation 
between oil and dry sludge in a way which enables 
the separated sludge to be washed without involving 
the risk of dissolved asphaltenes being precipitated 
from the oil entrained with the sludge. This paper 
deals with one or two aspects only of this useful 
technique. 

It is important to realize that the dry sludge 
separated by this technique is composed of all of the 
materials described above, i.e. coke-like particles, 
flocculated or agglomerated asphaltenes, insoluble 
oxidation products, and mineral contaminants. There- 
fore, a “ high ”’ hot filtration figure does not of itself 
indicate the presence of a large amount of carbonaceous 
dry sludge as defined in this paper; it may merely 
mean that the fuel is badly contaminated with sand, 
rust, fibrous matter, and such like, and whether this 
is so can readily be ascertained from ash and sediment- 
by-extraction determinations. It will be realized that 
the hot filtration test is not intended to distinguish 
between the types of organic matter described above, 
but where such distinction is immaterial, this, and 
similar techniques, are of great value. 

One important application of the SHFT lies in its 
use for the comparison of the stability of fuel oils before 
and after a simple accelerated storage test. For 
example, it has been found ® that an extremely useful 
indication of the stability of a fuel oil can be obtained 
by determining its dry sludge content according to 
the SHFT before and after “ ageing” the fuel for 
24 hours at a temperature of 100°C. The technique 
may also be used to assess the compatibility of two 
fuels in a similar manner. 

An alternative technique which has found consider- 
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able application is that of the laboratory centrifuge 
test.2;4 The disadvantage of a centrifuge test is that 
usually a considerable volume of oil is trapped with 
the dry sludge, giving rise to larger percentages of 
sludge than is the case with the hot filtration pro- 
cedure, but it has the merit of being relatively more 
rapid. In addition, centrifuge techniques provide a 
convenient means of distinguishing between sludges 
due to wax separation and those due purely to dry 
sludge formation. The procedure here is to centrifuge 
the fuel at a relatively low temperature and compare 
the quantity of sludge so obtained with that when the 
fuel is centrifuged at a considerably higher temperature 
i.e. one at which the bulk of the wax may be expected 
to be in solution. 

In the opinion of the authors it is a moot question 
at present whether some form of hot filtration tech- 
nique is better than a laboratory centrifuge procedure 
for assessing behaviour in full-scale centrifuges, i.e. in 
such cases where furnace fuel oil is centrifuged before 
being used as a marine diesel fuel. When a stable 
fuel is centrifuged at high temperature it may contain 
certain types of imperfectly suspended material which 
would tend to make frequent cleaning of the centri- 
fuge bowl necessary, thus increasing the work of the 
ship’s personnel, and thereby offsetting any advan- 
tages derived from the use of furnace fuel oil in place 
of the conventional marine diesel fuels. 

A hot filtration technique will reveal with some 
precision the amount of imperfectly suspended matter 
which the centrifuge has removed, and thus enable 
comparisons to be made when the centrifuge is run 
at varying temperatures and rates of throughput. 
On the other hand, it might be argued that a labora- 
tory centrifuge gives a more realistic figure in that, as 
with the large-scale machine, a considerable volume of 
oil is held in the “ sludge ”’ removed by the centrifuge, 
and thus the numerically greater value for the amount 
of “ sludge ’ removed by the laboratory centrifuge, as 
compared with the hot filtration technique, gives a 
better indication of what the ship’s personnel may 
expect to find in practice. At the moment the 
organizations with which the authors are associated 
are using both types of technique experimentally in 
the hope that it will eventually be possible to establish 
a reliable correlation between either or both of these 
techniques and large-scale centrifuge results. 

Present evidence indicates that with asphaltene 
systems it is of the greatest importance to have some 
means of assessing the state of peptization of the 
asphaltenes, i.e. of characterizing an asphaltene 
dispersion. The achievement of this has thrown 
much light on the structure of asphaltenes contained 
in fuels. 

In an attempt to assess the state of peptization of 
the asphaltenes in fuel oils the Oliensis spot test has 
been modified to give the familiar xylene equivalent 
test and the flocculation ratio. 

The underlying principles of these tests have been 
adequately described elsewhere.??:?!.2,1! It is con- 
sequently only necessary to state here that the 
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numerical value of the flocculation ratio (or xylene 
equivalent) of a fuel is the percentage of aromatic 
hydrocarbons in a mixture of aromatic and non- 
aromatic hydrocarbons which just fails to cause 
flocculation of the colloidal asphaltene system when 
mixed with the fuel oil in a given ratio. It is there- 
fore a measure of the “ solubility ” of the asphaltenes 
present in the fuel. 

In fundamental work the reasons for the choice of 
pure hydrocarbons, in place of the xylene (0, m, p, 
mixture) and “ aromatic-free”’ white spirit of the 
original Oliensis test, are self-evident, but it is worth 
noting the conditions which must be fulfilled in the 
choice of diluent, viz.: 


(i) one component of the diluent mixture must 
have a strong peptizing effect on the asphaltenes 
and the other component little or no effect; and 

(ii) the viscosity of the diluent mixture must be 
low enough to limit retardations in flocculation of 
the asphaltenes (due to the viscosity of the fuel 
under examination) as much as possible. 


Thus, the choice of diluent mixtures fulfilling these 
conditions has included xylene-n-heptane, xylene— 
iso-octane, benzene-n-heptane, «-methylnaphthalene— 
n-cetane, and xylene-aromatic-free white spirit. 

If different diluent mixtures are used by different 
investigators, then, although their individual results 
differ quantitatively, the relation between the results 
obtained with each of the above diluent systems is 
the same, and similar conclusions can be drawn from 
the results obtained on any of these systems. 

The xylene equivalent—flocculation ratio technique 
has attracted the attention of a considerable number 
of workers over the years, and it is proposed here to 
review three of the lines of thought developed to 
demonstrate the potentialities of this technique. 

Butlin has assessed the solubility of the asphaltenes 
present in a residue by means of its xylene equivalent, 
and the aromaticity of a gas oil by means of its aniline 
point. He has also shown how these characteristics 
can be used together to predict the compatibility of 
fuel oil-gas oil blends.2 This simple technique, 
however, suffered from the deficiency that two gas 
oils of the same aniline point when blended with a 
certain fuel oil in the same proportion, produced very 
different amounts of sludge, and it was confirmed 
by experiment that while a pair of components rated 
as compatible by Butlin’s xylene equivalent—aniline 
point rule did not produce dry sludge on storage, it 
was possible for the technique to rate as incom- 
patible blends which were actually satisfactory in 
practice. Recently Butlin has shown**? how the 
technique may be improved by making allowance for 
the surface tension of the gas oil. 

Other workers known to the authors prefer to use 
a-methylnaphthalene and n-cetane as the test mix- 
ture, largely on account of the wide range of solvencies 
covered by these materials. 

None of the foregoing modifications of the Oliensis 
test gives any real information as to the state of the 
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asphaltene micelle. Such information can be derived 
if flocculation ratios (FR) are determined at a number 
of dilution ratios (X) and the curve (FR versus 1/X) 
plotted. From this curve, it is possible to derive 
definite values for the peptizability (p,) of the asphal- 
tenes and the peptizing power (p,) of the hydrocarbon 
medium. If the state of peptization of the asphal- 
tenes is P, where P = p,/(1 — p,), the FR versus 1/X 
curve enables calculation of P, and furthermore, 
quantitative deductions can be made concerning the 
stability and compatibility of blends of residues with 
distillate components and residues with each other. 
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Although the theoretical and practical basis of this 
technique has been described in full elsewhere,'! it 
is perhaps useful to review the main features here in 
order to lend emphasis to the powerful way in which 
the basically simple xylene equivalent—flocculation 
ratio spot test has been applied. 

Fig | represents an FR v. X curve in which X repre- 
sents the number of volumes of dilution liquid per 
volume of oil phase of the asphaltene dispersion. 

On dilution with X, volumes of an aromatic—non- 
aromatic mixture, this mixture must contain FR, 
parts by volume of aromatic to keep the asphaltenes 
just in the entirely peptized state; in other words, 
with a degree of dilution X, the asphaltene dispersion 
can tolerate 4 maximum non-aromatic content 1-F'R, 
in the dilution liquid. 

The figure also shows that the oil phase of the asphal- 
tene dispersion can be diluted with Xin volumes of 
non-aromatic material without the asphaltenes floc- 
culating out, and that with infinite dilution the 
dilution mixture must contain FR, x parts by volume 
of aromatic, 

The oil medium of the asphaltene dispersion has 
a certain peptizing power towards asphaltenes. On 
infinite dilution of the dispersion, the influence of this 
oil becomes infinitesimal, and the peptizing power of 
the liquid phase will be determined only by the 
dilution liquid. The aromatic proportion required 
in it is FR, ,, and the non-aromatic proportion per- 
missible in it is 1 — FRyyx. This means that when a 
type or fraction of asphaltenes is placed in an aromatic- 
non-aromatic mixture, this mixture can tolerate a 
proportion of 1— FRmax of non-aromatic without 
showing flocculation. The stronger the peptizability 
of the asphaltenes (p,), the higher 1 — FR», will 
be. Therefore the peptizability (p,) is defined as 
1 — FRmax- 
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The peptizing power (p,) of a mineral oil or hydro- 
carbon is defined as the aromatic equivalent of the oil 
or hydrocarbon with respect to peptizing of asphal- 
tenes, i.e. the proportion of aromatic in an aromatic— 
non-aromatic mixture that has an equally great 
peptizing power. 

The state of peptization (P) of the asphaltenes is 
then P = p,/(1—p,). 

Along the FR v. X curve the medium of the diluted 
asphaltene dispersion consists of the original oil 
medium of the dispersion, and various quantities of 
the dilution liquid composed of various mixtures of an 
aromatic and a non-aromatic. It may be assumed 
that the aromatic equivalent of the medium of the 
dilute asphaltene dispersions along the FR v, X curve 
is constant, because in these cases the asphaltenes are 
just entirely peptized. This aromatic equivalent can 
be expressed in constants of the system, e.g. for the 
point (FR=O, X =Xmin) and any arbitrary 
point (FR, X). If this is done, then it can also be 
shown that the FR v. (1/X) curve must be a straight 
line whose slope is determined by p, +- pa. 

It has been verified experimentally for a wide 
range of residual fuels, fuel combinations, and for a 
number of dispersions of asphaltene fractions in 
mineral oil distillates and hydrocarbon mixtures, 
that the FR versus 1/X curves are invariably straight 
lines, and that for such dispersions p, and p, can be 
considered as constants of the asphaltene fraction 
and oil medium respectively. It has also been shown 
that p, and p, are nearly additive in mixtures of 
asphaltene dispersions and in mixtures of residues. 

The FR versus 1/X curve is preferable to the FR 
versus X curve because the former is easier to draw 
from experimental data and extrapolations to infinite 
dilution and FR = 0 can be carried out with more 
certainty. 

The curves of Fig 2 illustrate the possibilities 
offered by determining the slope of the FR versus 
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Fig 2 


1/X curve for describing the colloido—chemical 
stability of asphaltene systems. 

These curves refer to dispersions of one asphaltene 
fraction in media of different peptizing power. Curve 


1 relates to a dispersion in a medium which keeps the 
asphaltenes just in the peptized state. Curve 2 
relates to dispersion in the medium having a greater 
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peptizing power than necessary, and Curve 3 to a 
dispersion in a medium with still greater peptizing 
power. Curve 5 relates to a dispersion of the asphalt- 
enes in a medium with insufficient peptizing power 
so that the asphaltenes are flocculated, and this con- 
dition is even more pronounced in the case of Curve 6. 
It is theoretically possible for the curve to coincide 
with the ordinate axis. Thus, Curve 4 relates to an 
oil medium with an infinitely great peptizing power, 
while with Curve 7 the peptizing power of the medium 
is infinitely small, so that even on infinite dilution 
with aromatics the asphaltenes remain flocculated. 


EXAMPLES OF APPLICATION 


It may be of interest to describe some actual 
applications of certain of the techniques discussed 
above. 

An installation reported heavy sludge formation in 
a fuel oil storage tank, the sludge being the result 
of two years’ accumulation from a throughput of 
eleven cargoes. The composition of the fuel supplied 
during this period was extremely variable, and it was 
not clear whether the sludge formation was due to 
instability of the individual fuels as they left the 
refinery, incompatibility of these fuels in the installa- 
tion storage tank, or to water and wax separation. 
Hence the sludge was examined with the object of 
ascertaining : 

(i) the composition of the sludge, in particular 
its wax, water, and adventitious matter contents ; 

(ii) whether the sludge exhibited characteristics 
similar to sludges previously obtained under 
service conditions; and 

(iii) the probable way in which the sludge had 
been formed. 


The material was first submitted to photo-micro- 
graphical examination, both under erdinary and 
polarized light. The photo-micrographs obtained 
indicated that the sludge, in appearance a dark viscous 
liquid, consisted of oil containing an appreciable 
amount of crystalline material, i.e. wax particles, 
together with some emulsified and entrapped water 
and some asphaltic matter. 

An analytical examination of the furnace oil sludge 
indicated a comparatively high wax content (13 per 
cent), which supported the photo-micrographical 
evidence that the sludge contained an appreciable 
amount of wax in particle formation. Thus it 
appeared that the main cause of this sludge formation 
was the presence in the furnace oil of separated wax 
which settled to form a bottom layer of fairly high 
consistency sludge in the fuel tank. 

Flocculation ratio measurements were then carried 
out on this sludge and the results plotted in the form—- 
FR versus 1/X. The curve obtained was of the form 
given in Fig 2, Curve 6, from which it appeared that the 
sludge contained asphaltenes in a flocculated condition. 

However, these results could equally well indicate 
that in this particular case it was a system of wax 
particles under investigation, with adsorbed asphalt- 
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enes making them visible as a spot, and further 
information was required to decide between the two 
cases. 

Now the results obtained in the flocculation ratio 
test depend upon the appearance or non-appearance of 
a central ring of flocculated particles when a drop of 
the diluted sludge is placed upon filter paper at room 
temperature. Under these conditions the furnace 
oil sludge diluted with one part of a 50-50 xylene— 
iso-octane mixture produced a definite central ring 
in the spot test. However, it was found that if the 
spot test was carried out at a higher temperature 
(about 80°C was the actual temperature used) this 
same diluted sludge mixture produced no “ flocculated 
ring.” Spot tests carried out on the undiluted fuel 
sludge showed the same effect. In other words, for 
this particular fuel sludge the flocculated particles 
shown to be present at room temperature disappeared 
at increased temperature. This particular marked 
“temperature effect” had not been observed in 
asphaltene particle dispersions, and hence it was 
concluded that the flocculated particles shown to be 
present in the furnace oil sludge at room temperature 
were wax particles which would dissolve on increase 
of temperature to give this “‘ temperature effect.” 

The storage tank containing the fuel oil giving rise to 
this sludge was not provided with heating coils. Had 
this been otherwise, then the complaint of sludge 
formation would probably not have arisen. 

An example of the use of the p, and p, factors in 
predicting compatibility is the following. 

Consider the blending of two residues of which 
residue | contains m, per cent wt and residue 2 
mg per cent wt of asphaltenes. If (p,), and (p,), are 
the respective peptizing capacities of the oily media 
of the residues, and (p,), and (p,), are the peptiza- 
bilities of the asphaltenes in residues | and 2, respec- 
tively, and if V, volumes of residue | are blended with 
V, volumes of residue 2, then the p, and p, values of 
the mixtures are : 


Vim,(Pa)y + 
Vim, + Vem, 
p, ~ + 
Vit Ve 
A blend of residues will remain free of sludge if 
1 — pax po. 
id ab ales part of this paper the idea of an 


” 


“aromatic reserve ’’ was introduced, and it is now 
seen that some precision can be given to this idea, for, 
although according to the foregoing theory a blend of 
residues will remain free of sludge if | — p,< p,, this is 
the condition for the blend which is to remain free of 
dry sludge, and in practice some degree of “ over- 
stability ’’ represented by 1 — p,<p, must be a pro- 
perty of the fuel. 

The relationships quoted above refer to the be- 
haviour of mixtures shortly after mixing. In practice, 
changes often occur during storage of mixtures of 
asphaltene solutions and of dilute solutions of asphal- 
tenes, such changes corresponding with a decrease of 


{ 
i 
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the solubility of asphaltenes. Something like this has 
been found in the case of blends of asphaltic bitumen 
with low molecular hydrocarbon oils when, during 
storage, the viscosity of the blends increases.24 In 
an extension of this work by the Koninklijke—Shell 
Laboratorium, Amsterdam, further enquiries have 
been made into the changes during storage of solutions 
of asphaltenes. The details of these investigations 
will be published in due course. Meanwhile, it has 
been found that : 


(i) Mixtures of residual fuel oils remain un- 
changed during storage at room temperature, and 
it has been proved that the probability of the 
occurrence of incompatibility in blends of stable 
residual fuel oils with other stable residual fuel 
oils is small. 

(ii) When a residual fuel oil is diluted with a 
gas oil or with low molecular hydrocarbons, con- 
siderable changes may occur at room temperature. 
Such changes can be anticipated, however, and 
the compatibility of the residue and gas oil 
predicted without actually blending and storing 
the oils. The predictions agree satisfactorily 
with the values found after actual blending. 


CONCLUSIONS 


It is by no means claimed that the study of the 
structure of fuel oils has reached finality, but it is 
nevertheless a fact that knowledge on this subject 
has greatly advanced from what was the position, 
say, twenty years ago. The authors consider it likely 
that modern work on the nature and structure of 
asphaltene systems will lead to a solution of what has 
been called “ the stability problem,” but believe at 
the same time that knowledge of suitable testing 
techniques still lags behind scientific theory. Present 
specification tests are unfortunately still empirical, 
and while individual manufacturers have acquired 
specialized “ know-how” which enables them to 
appreciate the condition of their own products and 
thus safeguard market qualities, there are as yet no 
commercially accepted techniques capable of being 
employed for routine evaluations. However, as a 
result of the increasingly scientific approach to the 
problem, cases of instability in present-day furnace 
fuels and diesel fuels are extremely rare. 

When cases of alleged instability arise it has been 
shown that in many instances they are due to causes 
other than true instability, as defined in this paper ; 
that is to say it is not due to the formation of dry 
sludge as now understood, but to some other factor 
which has resulted in the deposition of waxy or other 
materials. 

It should not be assumed that because modern 
refinery techniques have progressed to the point where 
instability in fuel oil has virtually disappeared, the 
user is thereby relieved of his share of responsibility. 
In other words, normal care in storage and handling 
must continue to be exercised, since, for example, 
even with good fuels the unnecessary introduction of 
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non-hydrocarbon contaminants, such as sea water, is 
liable to have an unsettling effect, possibly resulting 
in the formation of sludge. Experimental work has 
shown that the part played by additives, used in the 
proportions in which they are normally recommended, 
is slight compared with the positive result of proper 
care in distributing, storing, and using the fuel. 

It ‘is not difficult for any individual refinery to 
ensure stability in any given fuel oil. It is not so 
simple to endow it with the ability to remain stable 
whatever treatment it later receives and however it 
is mixed with other and possibly less stable products. 
Even here, however, improving knowledge on the 
structure of hydrocarbon fuels and the behaviour of 
colloid systems generally indicates that the solution 
of this problem too is not so far off. 
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DISCUSSION 


Dr A. Windward: The paper represents an efiective 
and thought-provoking contribution to @ subject ‘which 
exercises the minds of the marketers and refiners alike, 
and on which a great deal more fundamental information 
is needed. It has perhaps been more largely concerned 
with fuels containing residua, and I should first like to 
comment on their instability and incompatibility aspects. 
The term “ instability’ in the sense implied by the 
authors, in other words, the formation of dry sludge, 
appears to be a rare event in practice, due perhaps 
to the specialized ‘‘ know-how ”’ of the refiners. How- 
ever, it is suggested that the meaning of instability 
applied to fuel oils should also embrace in a wider prac- 
tical sense all those tendencies, freedom from which is 
important to the consumer. These are emulsion forming 
tendencies, a tendency towards the precipitation of 
waxy sludge, and viscosity build-up on storage. 

The formation of a stable emulsion of fuel oil with 
water has become a problem of increased concern, 
particularly with marine diesels now operating to a large 
extent on residual fuel which has to be cleaned up by 
centrifuging. A large proportion of stock losses and the 
interruption in centrifuge operations may be due to 
the formation of this stabilized emulsion with sea water. 
In addition, the continued discharge of sea-water ballast 
containing proportions of this intractable emulsion gives 
rise to serious problems around British shores. 

The viscosity build-up of fuel oils on storage should 
also be included in the meaning of the term “ instability,” 
since it is of practical interest to some important con- 
surmers, and because non-Newtonian behaviour of the 
fuel oil is an indication of marginal instability. This 
marginal instability appears to be due either to partial 
flocculence of asphaltene nuclei or to a more com- 
plicated phenomenon involving the co-precipitation of 
waxy particles. In addition, the possibility of chemical 
sludge formation as a result of unstable sulphur com- 
pounds or the presence of nitrogen bodies should not be 
discounted. 

The authors are to be congratulated on the lucid 
mathematical treatment applied to the conception of 
peptizing power applied to the oil medium of an asphalt- 
ene system and the peptizing capacity of the asphaltene 
micelles. While this technique, based on the xylene 
equivalent test, is of great promise for the prediction of 
the physical stability characteristics of certain fuel oil 
blends, over-simplification of the technique must be 
avoided in its practical application. This is fully illus- 
trated in the single example given in the paper, which 
shows that although the initial flocculation ratio measure- 
ment made on a sludge could be taken to indicate pre- 
cipitated asphaltenes, measurements taken at a higher 
temperature disproved this effect and indicated the pre- 
sence of substantial quantities of waxy particles. It 
may also have been of interest to determine the sulphur 
and nitrogen content of the sludge. 

With regard to sludge precipitation due to incom- 
patibility effects shown by blends of two or more fuel 
oil components, this aspect has received attention 
throughout the years as thermal and catalytic cracking 

rocesses have developed. This attention has been well 
justified, since these cracking processes have naturally 
given rise to components with wide variations in peptiz- 
ing powers and micellar peptizing capacities. The 
catalytic cracking process at least can be regarded as 
having a clean bill of health as regards its effect on fuel 
oil properties—-not only are more aromatic fluxes pro- 
vided by the heavier catalytic products, but where a 
high proportion of catalytic cracking capacity exists, the 
tendency to run shorter residuum means that a high 
proportion of the heavy waxy distillate of low peptizing 
power, normally present in longer residuum, is used as 


catalytic cracking feed. That waxy distillates can give 
rise to incompatibility problems in fuel oil blends is 
illustrated by the following data : 


Compatibility of Fuel Oil Blends 


Blends 


Middle East residuum, %, : 
33% on crude 
Paraffinie gas oil . 
Non-paraffinie gas oil. 25 

Cracked gas oil, % . wl 

N.B.T.L. compatibility { Fail Border) Pass 
test line 


With regard to the use of additives in fuel oil blends, 
whilst it is agreed that this would not appear economic- 
ally feasible for addition to bunker fuel oils, it is be- 
lieved that they can be of value for reducing the emulsion 
forming tendencies of lighter fuel oil grades. 

Turning now to distillate fuel oils in the diesel and 
heating oil class, it is not too clear whether the authors 
have purposely omitted all reference to problems of 
chemical instability or whether they consider that by 
comparison with the physical instability effects, which 
can be noted with residual fuel blends, this problem of 
chemical instability pales into insignificance. The poten- 
tial chemical instability of both heavier distillate fuels 
and also light residual blends deserves very close atten- 
tion in view of increasing demands for these products 
and the possible incorporation of cracked distillates in 
straight-run components to augment supplies. 

It should be borne in mind that raw catalytic distillates 
can be quite unstable, particularly when derived from 
high sulphur crudes and when containing appreciable 
quantities of nitrogen bodies. Fortunately, Rewever, 
effective measures have been developed at the refinery 
and, in fact, some evidence has been noted, which indi- 
cates that heavy thermal distillates are potentially more 
unstable than available catalytic fractions, and I should 
be glad to hear any <omments by the authors of this 
paper on this particular aspect. 

The development of satisfactory methods of tests to 
indicate the build-up of gum or resinous bodies as a result 
of the chemical instability in high-boiling distillates is 
notoriously difficult, but the recently developed Esso 
accelerated filter-plugging test has proved to be of very 
great value for control and research purposes. 

With regard to the use of additives in certain types of 
distillate fuels, this may well be technically feasible for 
the prevention of instability effects in service. How- 
ever, the particular example given by the authors showed 
that an additive would not prevent the formation of 
deposits in a test fuel consisting of a cracked distillate 
with a known high filter clogging tendency and high 
initial gum content. The additive in question might 
well have been tested with the unstable fuel before the 
gum had actually been formed, and I would enquire 
whether this additional evaluation was carried out. 

My impression from a recent meeting of the Institute 
of Marine Engineers, was that marine engineers would 
need more practical evidence before being convinced 
that marine fuel quality had not deteriorated over the 
past decade. 


D. R. Bailey: While I agree with Dr Windward that 
such problems as emulsion formation, wax deposition, 
viscosity build-up in storage, and possibly even nitrogen 
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and sulphur contents, are of real or potential importance 
to the customer, the primary purpose of this paper is 
to review and discuss the physical stability of asphaltene 
systems. 

However, we do believe that there is a connexion be- 
tween the tendency of an asphaltene system to form 
emulsions with water and the stability of that system, as 
defined in this paper. In due course others will discuss 
this relationship in detail, but for the moment may I 
state that our evidence is that a stable fuel oil, i.e. a 
fuel in which the asphaltene micelles are fully peptized, 
appears also to satisfy the conditions favouring non- 
emulsification. Nevertheless, it is still a wise action for 
a consumer to avoid allowing the fuel oil to come into 
contact with large quantities of water, i.e. to avoid 
wherever possible such practices as water ballasting in 
bunker tanks. 

Since water ballasting is sometimes unavoidable, I 
agree with Dr Windward that an additive which would 
act as an anti-emulsifier would be a useful material to 
incorporate in the fuel, either at the refinery or on an 
ad hoc basis by the customer. Such an additive is not 
easy to find, however. According to our observations, a 
number of proprietary materials for which this claim is 
made do not appear to be effective, and although certain 
classes of material could be expected to confer anti- 
emulsifying properties on a fuel oil, the cost of such an 
additive might well prove a burden which the user would 
be unprepared to carry. 

However, it should go without saying that an additive, 
even if effective for some specific purpose, cannot be 
regarded as a satisfactory or economic substitute either 
for proper care in the preparation of the fuel at the re- 
finery or in its subsequent storage and handling by the 
customer. 

A detailed discussion of wax separation has been 
avoided in this paper because, as stated, although the 
phenomenon satisfies the condition of forming a separate 
solid phase, the mechanism of the separation is different 
from that envisaged for the flocculation and precipitation 
of asphaltene micelles. 

The phenomenon of viscosity increase on storage, 
which has been observed to take place not only with fuel 
oils but also with such systems as bitumen cutbacks, may 
well be associated with the nature of the asphaltene 
micelle. Hence, while I do not consider the phe- 
nomenon itgelf to constitute a case of instability, the 
possibility that the two phenomena are linked in some 
way should be given proper experimental examination. 
From the practical standpoint of bulk storage and ship- 
ment, however, we personally have not found instances 
where viscosity increases can be associated with any 
demonstrated or potential instability of the fuel. In 
addition, non-Newtonian behaviour which is sufficiently 
marked to be of practical significance may well be due 
more to wax than to any condition related to the state 
of the asphaltene micelle. 

Dr Windward has referred several times to the be- 
haviour of products derived from high sulphur crudes 
containing appreciable quantities of nitrogen bodies. 
These are, of course, distillate materials and constitute 
cases of chemical instability. On the latter count they 
were therefore excluded from detailed discussion in the 
paper. However, our evidence is that although chemical 
changes may none physical changes in asphaltene 
systems, they definitely take a minor réle in magnitude 
compared with the physical changes, and in this con- 
nexion it is interesting to note that sludge resulting 
from chemical changes in thermally or catalytically 
cracked distillates can be peptized by the addition of a 
very small quantity of a selected residue. 

In our description of the behaviour of an additive 
incorporated in a cracked distillate having a known high 
filter clogging tendency, we should perhaps have made 
it clear that the experimental evaluation technique used 


itself produced the gum which caused the filter to clog. 
This technique involved an artificial-ageing procedure, 
during which the fuel was passed through a suitable 
screen. Both the time taken to clog this screen and the 
amount of clogging material were determined. Thus it 
can be fairly said that the additive in question was tested 
in the fuel before the gum had actually been formed. 


L. E. Lowe: The authors have referred to a procedure 
if centrifuging a fuel first at a low temperature and 
then at a higher temperature. The purpose of this is 
not quite clear to me. 


D. R. Bailey: We are referring here to a laboratory 
technique. If you centrifuge the fuel in the laboratory 
at ordinary temperatures you may or may not obtain 
a deposit in the centrifuge tube. If you do it does not 
necessarily follow that the deposit is due to instability 
of the fuel. If, therefore, the fuel is centrifuged again 
at a temperature of 50° to 60° C and there is a marked 
reduction in the amount of centrifuge deposit, you may 
then conclude that your first deposit was mainly wax. 


Dr G. B. Maxwell: I would like to ask the authors two 
questions dealing mainly with refinery technique. My 
Company is interested in one particular refinery where 
they are making a fuel oil, very largely from cracked 
components by direct line blending of thermally cracked 
residue with thermally cracked gas oil. Now, Mr Martin 
made the statement that, generally speaking, a fuel oil 
made up of two components, similar to those I am de- 
scribing, would be more stable if the distillate component 
were injected in smal! quantities into the heavier com- 
ponent, rather than vice versa. In this particular case 
my is line blending under viscosity control. 

ould Mr Martin feel that if we do get any instability 
of the resultant blend, that we should effect an im- 
yrovement by doing it in two stages, which would be a 
ittle awkward for us ? 

Secondly, concerning the question of the stability of 
fuel oil containing waxy components owing to the slight 
difference in time efficiency of the distillation units and 
the cracker, we may be compelled at times to blend into 
our fuel oils, as a low viscosity component, a surplus of 
uncracked wax distillate. From what has been said, it 
would appear that the resultant fuel oil would be less 
stable than when using only cracked components. 

I should welcome Mr Martin’s comrents on these two 
points. 


C. W. G. Martin: The whole point of the technique to 
which Dr Maxwell refers is to avoid as far as possible any 
local excess of the distillate component. While, there- 
fore, it might be a little awkward to do the job in two 
stages, it would seem preferable to taking the risk of 
flocculation of asphaltenes from the residual component. 

In regard to the fuel oil containing waxy components 
I would agree that a surplus of uncracked waxy distillate 
could reduce stability. To some extent, however, this 
might be helped once again if the wax distillate could be 
introduced by degrees, thus again endeavouring to avoid 
undue local dilution and consequent precipitation. 


G. J. Gollin: An engineer designing an oil heater 
naturally wishes to keep down the cost by using as small 
a heating surface as possible. The minimum heating 
surface depends upon the maximum temperature of the 
surface with which it is permissible to bring the oil in 
contact. In order to help the engineer designing a heater 
for modern fuel oils would the authors like to give an 
indication of the maximum temperature with which they 
would care to bring the oil into contact. 


D. R. Bailey: I think that if Mr Gollin proposes de- 
signing such a heater he must largely rely on trial and 


- 


error. 
obviously the important thing is to prevent the heating 
of the fuel to such an extent that it will begin to crack. 
That will, I believe, generally limit the surface tempera- 
ture to below 400° C, and while this statement may seem 
a little inadequate, I do not feel that any more precise 
reply is possible. 


There is no simple answer to the question, but 


G. J. Gollin: The temperature to which oil was being 
heated was not strictly relevant, because he had not 
referred to the main stream temperature but to the boun- 
dary layer temperature. Mr Bailey has given me the 
answer—if I keep the steel surface below 400° C I shall 
experience no trouble. 


D. G. Butlin: In connexion with the definition of 
dry sludges used by the authors, I have made a practice 
of defining the two types of dry sludge as ‘‘ extraneous 
dry sludge”’ and ‘inherent dry sludge,” the former 
referring to adventitious matter introduced from outside 
sources, and the latter resulting from instability of the 
fuel, i.e. flocculated asphaltenes. There is an important 
difference between these sludges, the first being assessed 
by the sediment-by-extraction test (IP 53). The second, 
i.e. inherent dry sludge or ‘‘ carbonaceous ”’ dry sludge 
as referred to in the paper, is destroyed in the sediment 
test, and can be assessed only by tests such as the centri- 
fuge sludge test or the hot filtration test. 

In regard to the nature and structure of asphaltene 
systems, I would like to sound a small note of caution in 
accepting the fundamental conception of a residual fuel 
oil as a colloidal system of asphaltenes and maltenes in 
micellar form dispersed in an oily medium. It is true 
that a great deal of experimental evidence supports this 
conception, although I recollect some recent work carried 
out in the U.S.A. on residual fuels by means of the 
electron microscope wherein such a colloidal system could 
not be confirmed. I do not feel too happy personally 
with the thoughts behind the use of the term “ adsorp- 
tion equilibrium.”’ It is generally implied in the paper 
that aromaticity or “ dissolving’ power is the sole 
factor governing the peptizing power of the oily medium. 
It has been shown experimentally that a particular 
residual fuel can be blended, all other conditions being 
the same, with either a diluent of high surface tension 
and low aromaticity or, conversely, a diluent of low 
surface tension and high aromaticity and equivalent 
stability is obtained. Jn other words, lack of aromaticity 
in the oily medium can ve compensated by a higher sur- 
face tension. It appears therefore that an equivalent 
degree of peptization of the asphaltenes can be obtained 
with widely differing adsorption capacities, provided 
this difference is compensated by the surface tension. 


D. R. Bailey: I think that Mr Butlin’s two definitions 
for dry sludge are extremely sound and that their im- 
portance in the practical examination of fuel oils con- 
taining suspended matter cannot be over-emphasized. 
We believe very strongly that a proper examination of a 
fuel, either for its stability or in connexion with practical 
centrifuge problems, should involve not only some kind 
of hot filtration technique which ascertains the total 
amount of suspended matter present, irrespective of its 
origin, but also the conventional sediment-by-extraction 
test, which determines in the main the mineral portion 
of the suspended matter present. In addition, some 
form of centrifuge technique involving direct centrifuging 
of the fuel at suitable temperatures is valuable, for it 
permits the influence of wax to be estimated, and also 
enables some idea to be formed of the amount of oil 
which the suspended matter can entrap during the time 
of its deposition as ‘‘ sludge.” 

In this connexion it is the volume of oil and dry sludge, 
together which interests the ship’s engineer operating a 
diesel-driven vessel on underboiler fuel oil, rather than 
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the dry sludge alone as estimated by a hot filtration 
procedure. 

We are aware that one or two observers in the U.S.A. 
have been unable to confirm the colloidal nature of 
asphaltene systems when examining fuel oils by means of 
the electron microscope. This observation is interesting 
but not altogether surprising, since one would not 
necessarily expect there to be a sufficient difference in 
electron density between the asphaltene micelle and the 
intermicellar phase for the asphaltene micelle to be 
observed.” 

Concerning the use of the term “adsorption equi- 
librium” in relation to peptizing power of the oily 
medium, may I ask if Dr van der Waarden would care 
to offer comment in view of his specialized knowledge of 
the subject. 


Dr M. van der Waarden: (Gas oils as blending com- 
ponents of residual oils may be characterized by aniline 
point and surface tension. This method is an indirect 
one, in which the aniline point is an indication of the 
aromaticity of the gas oil. According to this method a 
low aniline point (high aromaticity) combined with a 
low surface tension might lead to poor compatibility, and 
a high aniline point (low aromaticity) combined with a 
high surface tension might lead to good compatibility. 
However, I do not believe that such cases occur m 
practice, as aromatic gas oils have relatively high surface 
tensions and non-aromatic gas oils have relatively low 
surface tensions. 

On the other hand, the method of characterizing a gas 
oil as a blending component of residual oils by the peptiz- 
ing power p,, a8 described in the paper, is a direct method. 
Here, the peptizing power of the gas oils is derived from 
experiments with combinations of the gas oils them- 
selves (and standard hydrocarbons) and asphaltenes. 
In this method no use is made of certain correlations 
between physical properties of the gas oils and their 
effect on asphaltenes, which may not be valid in the whole 
range of products under consideration. 


L. E. 8. le Bailly: May I ask Mr Martin if, in his view, 
the N.B.T.L. test, which my firm favours, is bad because 
it rules out fuels which he would like to sell us, or bad 
because it may allow fuels into our bunkers whose quality 
is less benign than our Head Office would have us 
believe ? 


0. W. G. Martin: I would suggest that the answer to 
Commander le Bailly is not so much that the N.B.T.L. 
heater test allows in, or rules out, fuels which the petro- 
leum companies would like to sell, but that it does not 
necessarily give the right answer. Quite apart from 
any commercial considerations, it will readily be under- 
stood that from the scientific point of view we do not 
like a test that we cannot properly rely upon or interpret. 
The situation at the moment is that neither the N.B.T.L. 
test, nor any possible successor of which we have heard, 
is free from the many disadvantages which have been 
discussed here and elsewhere in recent years. It is a 
great disappointment that a test which, looked at from 
an engineering point of view, ought to be of great help, 
somehow fails to be satisfactory in practice, especially 
when its scope is extended to fuel oils lighter or heavier 
than those for which it was first designed. The N.B.T.L. 
test therefore may sometimes give only a borderline 
rating to a fuel oil which is known to be satisfactorily 
stable in practice or, on the other hand, one could imagine 
a fuel oil passing the somewhat arbitrary standards of 
the N.B.T.L. heater test and yet giving cause for doubt 
if examined by techniques such as those we have been 
discussing tonight. 


J. M. Nuttall: The authors have indicated that many 
of the materials examined failed to respond to laboratory 
control techniques. I think this should have been 
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expected, It is fairly well accepted now that the whole 
science of oil additive treatment has been built up on 
functional performance, and in the two cases to which the 
authors have referred, where additive treatment has been 
beneficial, I take it that the improvement has been estab- 
lished on the basis of performance. If additive treat- 
ment has not shown the desired improvement it is 
probably because the precise function required of the 
additive has not been made clear in the first instance, for 
it is a well-known fact that in the U.S.A., where additive 
treatment has been used in the case of domestic burner 
fuel, many millions of barrels of fuel so treated have very 
eonsiduentie reduced maintenance costs. I think this 
shows that laboratory control tests are not necessarily 
the best for selecting additives for a specific job; you 
have got to put it to the test of functional performance in 
the field before you can say whether or not it is going to 
do the job required. I would therefore make a plea for 
greater co-operation between the oil industry and the 
additive manufacturer. The additive manufacturer is 
prepared to co-operate to the full, but he cannot do a 
thing unless he knows exactly what is wanted in terms of 
performance, and not merely laboratory control tech- 
niques, 


C. W. G. Martin: The object in writing the portion of 
the paper which deals with additives was to set down, in 
reasonably scientific terms, what the problem is when 
sludge develops, and I gather that it is in relation to 
sludge that Mr Nuttall is considering the use of additives. 
We think that if we can ascertain how and why sludges 
develop, then we are on the road to discovering how to 
cure them or, better still, to prevent them. We think 
that we have made some progress along that road, and 
if | might paraphrase that part of the paper in the form 
of a message to additive manufacturers it would be 
something like: ‘* We believe that we are now getting 


to understand what the problem is, and we are able to 
present to you the results of our scientific thought as an 


idea for you to consider further, but please do not take 
bottles from a shelf and try them hopefully one by one. 


Endeavour to work on scientific principles, bearing in 
mind the complexity of fuel oils. Only by such scientific 
approach is an effective additive possible.” I should 
perhaps also remind you that in my opening remarks I 
did not state that additives do not work. What I said, 
and what is borne out in the paper, is that no additive 
that we had tried had been found to work all the time. 
Moreover, within our experience, and particularly when 
using the concentrations of additive recommended by the 
various manufacturers, we have to admit to failure to get 
results on most occasions. 

There has been a suggestion that the tests we have 
carried out were done only in the laboratory. This is 
by no means the case. If it is not contrary to etiquette 
to refer to what was recently said elsewhere, I would like 
to mention that I then gave details of a long series of 
practical trials covering many thousands of sea miles in 
which additives were given a very thorough trial. This 
was a properly conducted scientific experiment, and while 
we may have been unlucky in our findings, we can only 
report the results as we found them. These lead us to 
the conclusion that the class of additive we had selected, 
which from its claims ought to have been a success, 
was unlikely to succeed in modern industrial or marine 
fuel oils. 


The Chairman: The subject of tonight’s paper, per- 
haps, is not one that is as glamorous as some of the 
papers we have listened to. Nevertheless, many of us 
must feel aware of the fact that it deals with a very 
practical problem which is still with us; and I am sure 
that we have been helped by the authors. 

On your behalf, therefore, I would like to thank Mr 
Martin for presenting the paper and Mr Bailey for the 
way in which he has dealt with the questions ; and also 
to express some appreciation, not only of what they have 
done tonight, but also of the hard work which has gone 
into the research and investigation and led to the 
compilation of such a paper. 


The vote of thanks was accorded with acclamation. 


COMPLETE Enginecting of Petroleum Chemical 


From Flow Sheets to Clients’ take over, 
Frasers offer :— 


ENGINEERING DESIGN 


FABRICATION of key 
items in their own works 


PURCHASING 
EXPEDITING 

Frasers design and manufacture turbogrid : 4 FRAS 
distillation trays to data provided under | | 
licence from Shell. 


W. J. FRASER & CO., LTD., Head Office: Harold Hill, Romford, Essex. 
Works at Monk Bretton, near Barnsley, S. Yorks. 
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Both first became known to man in the ancient empires of 
the Middle East; both go hand in hand with the advance of 
modern civilisation. In the Hayward Tyler organisation the 
same attentive forethought that typifies a good chess player is 
applied to the design and construction of pumps for the oil 
industry. Our illustration shows a group of Hayward Tyler 
—Byron Jackson Vertical Crude Charge and Transfer pumps 


installed at Kent Oil Refinery Limited on the Isle of Grain. 


HAYWARD TYLER—BYRON JACKSON 
Precision Pumps for the Oil Industry 


HAYWARD TYLER & CO. LTD., LUTON, BEDFORDSHIRE. PHONE : LUTON 3951 
LONDON OFFICE: 20 GROSVENOR PLACE, S.W.I. PHONE: SLOANE 7552 
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ENGLISH DRILLING EQUIPMENT CO LTD 


BILBAO HOUSE, 36-38 NEW BROAD STREET, LONDON, E.C.2 


Telephone: LONdon Wall 4941-4 Telegrams: Bullwheel, Ave, London 


The Edeco Twin Jet Bit is recommended for use in conjunction with high 
velocity drilling fluid circulation. The cuttings are swept upwards by the jet 
stream, keeping the bottom of the hole clean, allowing FASTER PENETRATION 
and MORE HOLE per bit. 


y The Edeco Twin Jet Bits are available with all the cutter designs illustrated 
in the EDECO Rock Bit Catalogue No. 82. 
The Jet Circulation ways are forged into the body of the bit avoiding the 


necessity for separate Tubes and allowing thicker walls around the circulation 
passages and, consequently, less danger of “‘cut outs”. 


one en The outlets of these passages are fitted with Tungsten Carbide Nozzles with 


bore size to suit customer’s requirements. 


TYPE VS 


SUBSIDIARY COMPANIES 


EDECO PROSPECTORS LTD EDECO CANADA LTD EDECO GERMANY G,.M.B.H., EDECO (TRINIDAD) LTD 
Barlby Works, Lindley Moor Road, 10103-80th Avenue, Folschblock C, Hermannstr. 40, P.O. Box 27, San Fernando, — 
Nr. Huddersfield, Yorks. Edmonton, Alberta. Hamburg, |. Trinidad, B.W.1. 

Telephone: Elland 2876/7 Telephone: Edmonton 35825 Telephone: Hamburg 33 39 67 Telephone: San Fernando 2819 
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South Durham Steel & Iron Co., Ltd., 
(incorporating Cargo Fleet Iron Co., Ltd.) 
Central Selling Office: 
Cargo Fleet Ironworks, Middlesbrough. 
Telephone: Middlesbrough 2631 (10 lines). 
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LINCOLN ELECTRIC CO LTD 


Shooting 
no (pipe) line 


Each year miles of pipe is weld fabricated in the shops 
of Messrs. Wm. Press Ltd., Tottenham, for the 
leading Oil Companies, Government Departments, 
the Gas, Water, Chemical and Steel Industries. 
To satisfy the requirements of such exacting 
customers, Wm. Press ensure the best results possible 
by employing a team of qualified welding 
operatives who use Lincoln Multiweld and 

Fleetweld 5 electrodes as specified universally by 

oil company contractors throughout the world. 
Strict quality control is ensured by adhering to 

API, ASME and appropriate code standards. 


Write for Procedure Sheets 
on Multiweld and Fleetweld 5 electrodes 


World’s largest manufacturers 
of arc-welding equipment and electrodes 


WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 


i 


The ‘‘bones”’ of every 

Glitsch ‘‘Truss-Type”’ 

bubble tray are the trusses 

and beams which form the 

supporting structure for 

the tray floor, cap assemb- 

lies and downcomers, etc, 

The “flesh” consists of the tray floor sections which 
are clamped to the trusses, beams and tower ring. 
The “bones and flesh” together form a complete tray 


unit which is light but strong, rigid and flat. prs ng ap onagrn 


nel trusses and manway 
¥ Ask for leaflet BT.0153 for further details, openings. Material Monel. 


STRUCTURES 
IN 
STEEL 


We Specialise in 
ALL TYPES OF STRUCTURES 
Required for 
Oil Production and Refining 


ALSO 
‘KELVIN’ all iron and ‘MAINSTEEL' PALISADING 
and All Types of FENCING 
for HOME and OVERSEAS 


A. & J. MAIN & COMPANY LIMITED 


LONDON OFFICE WORKS AND REGISTERED OFFICE 
VINCENT HOUSE, VINCENT SQUARE, 8.W.1 CLYDESDALE IRONWORKS, POSSILPARK 


LASGOW, C.2 
Telephones ; Victoria 8375 /6/7/8 Telegrams : Kelvin Sowest, London Telephone : Possil 638i Telegrams : Kelvin, Glasgow 


CALCUTTA: Post Box 36, 16 NETAJI SUBHAS ROAD 
= also NAIROBI and CHITTAGONG 
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TTHEW HAL 


GROUP OF COMPANIES 
ESTD. 1848 


MATTHEW HALL 


OIL REFINERY ENGINEERS 


THE MATTHEW HALL GROUP OF COMPANIES 


MATTHEW HALL @ CO, LTO. MATTHEW HALL (TY) LTO. 
KELCO (METALS) LTD. GARCHEY LTD. 


LONDON... Corset Square, NWA JOHANNESBURG 52, Commissioner Street BELFAST ...... Greenweed Avenue 

MANCHESTER... . . . 14, Lloyd Strees GERMISTON. .. .Wadevitle OUBLIN. . . 2%, Row 

GLASGQW. .. .. . Oykehead Strees, 6&2 DURBAN ... 100-102, Williams Read WEST INDIES... Kingston, Jamaics 

BRISTOL, .... . St Stephen's Sereec CAPE TOWN . . Epping Industria Estate BULAWAYO .... . . tranb¥idge Road 
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CATHODIC 
PROTECTIO 


A PAYING INVESTMENT 


THE PETROLEUM INDUSTRY 


for pipelines, tank bottoms, coil-in-box coolers, 
condensers, seawater lines (internally) — Guardion ” 
Cathodic Protection eliminates costly ‘ shut-off” 
time for repairing corrosion damage. 


IN THE WATER INDUSTRY 
for storage tanks, pipelines (steel and cast 
iron), screens, sluice gates, borehole linings, 


pumps — “‘ Guardion”’ Cathodic Protection saves 
time and money on repairs and replacements. 


IN THE GAS INDUSTRY 
for gas holders, where in contact with water 
or the ground, condensers, storage tank 
bottoms, underground mains (steel and cast 


iron), service pipes — ‘‘ Guardion” Cathodic 
Protection safeguards against dangerous 
leakages caused by corrosion. 


IN MARINE APPLICATIONS 

for wharves and jetties, caissons, floating 

docks, buoys, sheet piling. 
FOR SHIPPING 


hulls in the fitting out basin, underwater areas 
of active or laid up vessels, ballast compartments, 
stern gear, propellers — ‘‘ Guardion ’”’ Cathodic 
Protection saves weeks of expensive repair and 
maintenance by assuring against hidden corrosion. 


For Industry generally — process plant, cables, water heaters and the 
applications common to the industries mentioned above. 


{0 PROTECTION | 

F. A. HUGHES & CO. LIMITED 


CATHODIC PROTECTION DIVISION (J) 
BATH HOUSE + 82 PICCADILLY + LONDON W:! TEL: GROSVENOR 6300 
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FOR HEAT EXCHANGE EQUIPMENT 


Also makers of 


Solid Drawn Tubes in Admiralty Mixture Brass, 70/30 Brass, ‘‘ Yorcoron"’, ‘* Yorcunic” and 
Cupro-Nickel, Copper, ‘‘ Yorcalnic”” (aluminium-bronze) and Tin Bronzes. 


‘* Yorkshire” Bi-metallic (Duplex) Tubes in combinations of steel and non-ferrous alloys, e.g. 
steel lined or shirted with ‘‘ Yorcalbro”’, and in combinations of non-ferrous alloys. 


** Yorkshire’ Small Bore Copper Tubes for Instruments. 


“* Yorkshire’ Tubes and ‘‘ Yorkshire” Fittings for Pipelines. 


THE YORKSHIRE COPPER WORKS LTD -: LEEDS & BARRHEAD 
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Regularly supplied the 
PETROLEUM INDUSTRY 
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' FORGED STEEL GATE VALVE. No. 16 
Available for Working Pressures of 600 Ibs. 
900 Ibs. at 900° Fahr. and in the following siz 
Alternative ends as follows can be supplied : 
Screwed Ends Ball Joint (illustrat 
Socket Weld Ends Ball Joint, 
Screwed Ends Gasket Joint, 
Socket Weld Ends Gasket J 


° 
J 
x 


ADVERTISERS 

Babcock & Wilcox Ltd. . . Apr. 
Baird & Tatlock (London) Ltd. . Apr. 
Baker Oil Tools Inc. . . Apr. 
Birmingham Battery & Metal Co. Ltd. Apr. 
Peter Brotherhood Ltd. . xiii 
W. P. Butterfield Ltd. ee 
A. F. Craig & Co. Ltd. Back Cover 
Dorman & Smith Ltd. . Apr. 
English Drilling Equipment Co. Lid. oi 
Evershed & Vignoles Ltd. _ 
Foster Wheeler Ltd. . Apr. 
Foxboro-Yoxall . Mar. 
W. J. Fraser & Co. Ltd. j i 
General Refractories Ltd. . Apr. 
Matthew Hall & Co. Ltd. . vii 
Hayward-Tyler & Co. Ltd. ii 

. A. Hughes & Co. Ltd. . viii 
Hydronyl Syndicate Ltd., The Apr. 
Wm. Kenyon & Sons Ltd. . xiv 
Richard Klinger Ltd. Apr. 
Lincoln Electric Co. Ltd. v 
A. & J. Main & Co. Ltd. vi 
Metal Propellers Ltd. , vi 
Metropolitan-Vickers Electrical Co. Ltd. . Mar 
L. A. Mitchell Ltd. . , xi 
A. P. Newall & Co. Ltd. . . Mar. 
Newman, Hender & Co. Ltd... : x 
Power-Gas Corporation Ltd., The xii 
Pulsometer Engineering Ltd. ix 
Quasi-Arc Co. Ltd. . Apr. 
Rubery, Owen & Co. Ltd. xiii 
South Durham Steel & Iron Co. Lid. iv 
Triangle Valve Co. Ltd. xi 
Universal Oil Products 
G.&J. Weir Ltd. . Apr. 
Henry Wiggin & Co. Ltd. Apr. 
Woodfield Hoist and Associated Industries Ltd. xv 
Yorkshire Copper Works Ltd., The. ix 


FORGED STEEL GATE VALVE 


FORGED STEEL 
Screwed Ends. to 2”. Pressures from 150 to 


bs. per sq. in. 
Flanged Ends. Sizes “1° & 14". Pressures 150, 300 
& ho bes. per sq. in. 
CAST STEEL 
Flanged Ends. Sizes 2” to 12”. Pressures 150, 300 & 


Ibs. per sq. in. 
TRIANGLE VALVE CO. LTD. 


Phone: 8263! (6 lines) Telegrams & Cables: TRIVALVE, WIGAN 


LAMBERHEAD GREEN - WIGAN - ENGLAND 


For 
Petroleum Oils 


The 25 h.p. Side-Entry mixer shown on the right 
has been successfully employed for blending 
petroleum oils in 120 ft, diameter storage tanks 
holding 2,000,000 gallons. If you have a mixing 
problem, our staff of experts will be pleased to 
give it full consideration and to recommend the 
correct types and sizes of agitators to suit your 


Mitchell Side-Entry 
Mixer, Type S.E.H. 


-MITCHELL LTD -37 PETER ST- MANCHESTER 


PHONES BLACKFRIARS 7224 
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STANDARD METHODS 
FOR 


TESTING PETROLEUM 
AND 


Girvocol plant 


hydrogen sulphide and 
ITS PRODUCTS 
petroleum 

(THIRTEENTH EDITION - 1953) Synthesis 


Cately tc reforvaing and 
“hydrocarbon cracking. 
755 pages 168 Diagrams 


phurke 
Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1 


DRILLING MUD: 


ITS MANUFACTURE 
AND TESTING 


By 
P. EVANS and A. REID 


Reprinted from Transactions of the Mining 
and Geological Institute of India, 1936. 


Pages 263 + xxx. Paper covers. 
Price 21s. post free. 


Obtainable from 


The Institute of Petroleum 


Also at 
AUSTRALIA 
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Price 40s. post free Sulphur plant for producing 

VE POWER GAS GORPORATION LTD 
26 Portland Place, London, W.1 
CANADA . FRANCE SOUTH APRICA 
oe 
xi 


HIGH 


SERVICE 


Conforming to B.S.S. 1750-1951, Stud Bolts and Nuts 
are being supplied by Rubery Owen to all the principal 
Oil Companies and Refinery Equipment Manufacturers 
in ever increasing quantities. Special production facilities 
have been planned to suit every requirement to both 
British and American Standards with either Unified or 
Whitworth Threads. 


RUBERY OWEN 


STUD BOLTS AND NUTS 


RUBERY, OWEN & CO., LIMITED 
DARLASTON, SOUTH STAFFS., ENGLAND 


Member of the Owen Organisation 


London Export Department: Kent House, Market Place, Oxford Circus, W.1 


Canadian Office: 1470, The Queensway, Postal Station N, Toronto, 14 


TEMPERATURE 


BROTHERHOOD 


STEAM TURBINES 


FOR DRIVING PUMPS, ETC. 


Wide range—All types. 
Over 40 years’ experience. 
Hundreds in hand— 


thousands in service. 


BROTHERHOOD 


STEAM ENGINES 


High speed Vertical up to 
500 B.H.P. 
Over one hundred in hand. 


BROTHERHOOD 


COMPRESSORS 


Air, Gasand Refrigerating. 


The widest range in the 
British Empire—made to suit 
your requirements. 

Thousands in service. 


BROTHERHOOD 


REFRIGERATING PLANT 


Ammonia, CO,, Freon, SO,, 
Methyl Chloride. Wide range 

a7) —single and double acting— 
one or more stages. 


BROTHERHOOD 


GENERATING SETS 


Turbine driven up to 
11,000 kw. 

Engine driven up to 340 kw. 
Hundreds in hand. 


also Manufacturers of all kinds of 
PLANT TO CUSTOMERS’ OWN DESIGNS 


WHY NOT SEND YOUR PROBLEMS TO US? 
We shall be pleased to investigate them confidentially 
commitment 


COMPRESSOR & POWER PLANT SPECIALISTS FOR NEARLY A CENTURY 
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PROFIT 


without 


KENYON 


Kenyon provide a complete thermal insulation service 
P / ann ed be E AT to the oil industry, including technical advice on 


thermal insulation specifications, and finishes for 
j N S U L ATI O N all conditions. Supply of materials, application, 

supervision, on sites throughout the world. 

The photograph shows Fractionating equipment on 

Distillation units at Shell Chemical Plant, Stanlow, 

Cheshire, England. 


Call in KENYON to keep the heat in 


WILLIAM KENYON &@ SONS: LIMITED 
DUKINFIELD Telephone: ASHTON 1614/7 (4 Lines) CHESHIRE 
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Hydrair-35 Drilling, 
Workover and Ser- 
vicing Hoist. Torque 
Converter Drive. 
5,000 Ser- 
vicing 13,500-ft. 


Trailer Mounted Drilling 
Rig with 95-ft. Mast. 


Diesel 
Unit 150 H.P. for a 
depth of 17,500-ft. 


WZ7A Servicing Hoist 
for operation at pro- 
133-fe. Full View duction derricks: on 
Drilling Mast 7,060-ft. wells. 
on location in 
West Texas. 


Hydrair-35 Rambler Rig 
with 103-ft. 
Kwik-Lift Mast. 


WOODFIELD HOIST AND ASSOCIATED 
INDUSTRIES LIMITED - ROCHESTER - ENGLAND 


THE KEMWORTHY JIG & PRESS TOOL COMPANY, LONDON 
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Ideco - Woodfield 


association 


provides a wide 


range of drilling 
and production 


equipment 


W7Mk.II Servicing Rig 
with Truck power take 
off drive and 70-ft. Mast 
for 5,000-ft. wells. 


Telephone: Strood 7642/3 
Telegrams: Woodfield, Rochester 
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For the 
payload 
which 
multiplies 
Payloads 


Illustrated: 4,000 gallon 


UTTERFIELD 
/Roadtanks 


‘STEPPED’ TANKS OF ALL LOADS carried by robust BUTTERFIELD 
“ — Road Tanks, none is more important to industry as a 
wri whole than those of Petroleum, Fuel Oils and Lubricants. 


Fic i ‘ ae Bae 7 These Tanks do their job with admirable efficiency and 


Tank, modern design with utmost economy. 

‘steps’ the Tank to clear Butterfields fabricate Road Tanks in Stainless Steel, 
the rear mechanism of Mild Steel, and Aluminium. ‘The Butterfield ‘Girder’ 
the tractor, thus pfe- mounting introduced ten years ago is used to maintain 
serving a good line and 
maintaining a low completes stability. Tank is welded to frame, frame is 
centre of gravity. bolted to chassis . . . no need for the usual straps. 


W. P. BUTTERFIELD LTD., Shipley, Yorkshire 


standard type of tractor Tel. 52244 (7 dines). LONDON: Africa House, Kingsway, W.C.2. Te/. HOL.1449 
and trailer equipment. 


See the Butterfield 
Exhibit at the 


B.L.F. 


STAND NUMBER 
D535/432 


CASTLE BROMWICH 
B’HAM. MAY 3-14 


Illustrated : Mild Steel 
s-compartment tank to hold 

3,600 gallons of spirit. Mounted on 
Leyland Octopus chassis. 
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